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Abstract 
Lysine-rich protein (LRP), containing a high percentage of essential amino 
acid lysine (over 10 mol%), is a seed protein found in winged bean (WB) 
{Psophocarpus tetragonolobus). Therefore it is a potential candidate to enhance, by 
advanced biotechnology, the nutritional value of the common cereal crops, which 
usually have lower lysine contents. Although the LRP cDNA has been cloned from 
WB (Sun et. al.，1998) and has been expressed in other plants such as Arabidopsis 
thaliana (Cheng, 1999) and rice (Liu, 2002)，information about this protein, such as 
its physiology and possible allergenicity to human, is still poorly known. 
The cDNA and protein sequences of WB-LRP were found to have high 
homology (�50-90%) to the class 10 pathogenesis-related proteins. The expression 
of these proteins is under spatial and developmental control, and is induced by 
stresses such as pathogen attack. The function of these proteins is not yet clear, 
although RNase activity has been found in some of the members. Besides, these 
proteins belong to the Bet v 1 birch pollen allergen family. In view of this 
information, the objectives of this project are as followed; (1) to study the possible 
allergenicity of LRP as a food allergen and (2) to determine the expression pattern and 
RNase activity of LRP, in comparison to its homologues. 
In the study, LRP was purified and LRP-specific antibodies were prepared 
from rabbits. To study the allergenicity of LRP, purified native and denatured LRPs 
were subjected to simulated pepsin and/or trypsin (gastric/intestinal) digestion, and 
their digestion stabilities were compared with those of other allergenic and 
IV 
non-allergic proteins. To investigate the physiological role of WB-LRP, the 
expression of LRP in winged bean was characterized in different organs of the bean 
plants, at different days after germination, using northern and western blot analysis. 
In addition, to study whether WB-LRP has RNase activity as its PR-lOs homologues, 
purified WB-LRP was incubated with various samples of RNA, and sign of 
degradation of RNA was followed. 
Results revealed that LRP was not completely digested by pepsin or trypsin 
after 15mins, respectively. The stability of LRP against proteases is moderate, and is 
similar to that of a weak allergen, the bovine serum albumin (BSA). A combined 
digestion (pepsin and then trypsin) can digest LRP more efficiently. Heating also 
increases the digestibility of LRP. 
In the physiological studies, expression of LRP was detected in leaf, stem, 
root, flowers, pods and seeds of the winged bean plant but the level was highest in 
root and maturing seeds. LRP expression was also found to be developmentally 
regulated. LRP showed weak RNase activity towards RNA from WB, rice, BMV 




高賴氨酸蛋白（WBLRP)是四稜豆{Psophocaipus tetragonolobus) 一種 
種子蛋白’其賴氨齡量很高(10mol%)；五穀類缺乏賴氨酸，這種蛋白非常適 
合以先進生物技術應用來加強其營養價値。雖然WBLRP的互補DNA已被克隆 
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1 General introduction 
Cereal crops are the major food source of human beings. Nevertheless, 
cereal proteins are deficient in lysine and tryptophan. Transgenic expression of 
heterologous genes encoding essential amino acid-rich proteins is therefore a foresight 
to improve the nutritional value of these cereal crops. Previously, a lysine-rich 
protein (WB-LRP) containing about 10mol% lysine was isolated from winged bean 
{Psophocarpus tetragonolobus). Its cDNA was cloned (Sun, Xiong, Liu and Jing, 
1997) and stably expressed in the transgenic model plant, Arabidopsis thaliana (Sun 
and Cheng, 1999). Thus LRP appears to be a good candidate protein in nutritional 
improvement of cereal crops. 
However, very little information is available concerning the possible 
allergenicity and physiological role of WB-LRP. When the cDNA and protein 
sequences of WB-LRP were compared to those of the genes in GeneBank, LRP was 
found to have high homology (50-90%) to the class 10 pathogenesis-related proteins, 
which in turns belong to the birch pollen allergen Betv-1 family. Since some 
members of the Betv-1 family were reported as food allergens, further studies are thus 
necessary to determine the allergenicity of WB-LRP before it is applied in crop 
nutritional improvement. In addition, because of the high homology of WB-LRP to 
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PR-10s, we hypothesized that WB-LRP is a PR-10 in winged bean and has similar 
physiological role the same as other PR-10s. Although the function(s) of PR-10s are 
unknown, there were reports of their RNase activity, and the expression pattern of 
some members had been elucidated. Determination of the expression pattern of 
WB-LRP and its RNase activity thus may provide information on its relationship with 
other PR-10s. 
Recently, a novel method of assessing the allergenicity of a protein was 
developed (Astwood, Leach and Fuchs, 1996). It is based on the hypothesis that a 
protein can cause food allergy if the protein itself, or its fragments, have sufficient 
gastric stability so that it can be absorbed in small intestine and renders 
hypersensitivity. Using allergens and non-allergens as standards, a protein with 
more stability may therefore have a higher chance as a food allergen. 
In this project, WB-LRP was purified and subjected to simulated gastric 
and/or duodenal enzyme digestion, through which the digestion stability can be 
compared with other allergenic and non-allergic proteins. On the other hand, to 
investigate the possible physiological role of WB-LRP, the expression of LRP in 
winged bean was characterized in different parts of winged bean plants and at 
different days after germination was analyzed, using northern and western blot 
techniques. To study whether WB-LRP has RNase activity as its PR-10s 
2 
homologues, purified WB-LRP was incubated with RNA samples from various plant 
sources，and degradation of RNA was monitored. 
3 
2 Literature reviews 
2.1 LRP and winged bean 
2.1.1 Nutritional values of crop plants 
Cereals (wheat, rice, com, etc.) and their products (noodles, bread, etc.) are 
the major food of human being. They provide rich amount of carbohydrates and fair 
amount of other nutrients, contributing over 50% of the per capita energy intake 
worldwide (FAO, 1980). In fact, starch content of wheat is 60-68% and its protein 
content varies from 7 to 18%, while the percentage of carbohydrate in rice is 
46.6-91.5% and protein, 7.6-14.6% (Matz S. A.，1991). 
However, lysine and tryptophan, two of the essential amino acids that 
human cannot synthesize and must rely on absorption from food, are lacking in these 
major food crops (Eggum and Beames, 1983) (Table 2-1). Sufficient absorption of 
these two amino acids therefore relies on other food sources. In developed countries, 
where food supply is not limiting，nutrient supplement can be convenient. In some 
third world countries, however, people often face starvation and poverty, and 
supplementary sources of amino acids are hardly available. Enhancing the 
nutritional value of cereals thus can improve the protein uptake of these people, and 
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lower the cost on purchasing extra nutrient supplements. 
In agriculture, traditional breeding method has long been used to improve 
the quality of food crops. Using this method, essential-amino-acid-rich crops can be 
selected as potential cultivars to improve the amino acid balance of cereals. For 
example, high-lysine cultivars were discovered in com (Mertz et. al.’ 1964) and barley 
(Bright et. al.，1983). However, the traditional breeding method has several 
disadvantages (de Lumen, 1996). New cultivars usually carry undesirable traits, 
which include changing texture of the seeds, lower yields, and more susceptible to 
pathogens, etc. Breeding cultivars with enhanced nutritional values and at the same 
time without any undesirable traits is difficult and a lengthy processes. 
Genetic Engineering is a powerful and efficient technology emerging in the 
last quarter of the 20^ century. Molecular approaches have been suggested as more 
efficient alternate paths to improve the nutritional value of cereal crops. By 
transforming and expressing an essential-amino-acid-rich protein gene into the cereal 
crops, while maintaining normal plant growth and strength, enhancement of their 
nutritional value can be achieved. 
To obtain an essential-amino-acid-rich protein, one method is to search and 
identify such a protein from other plants, and then transgene the protein gene into the 
cereal crops to improve their nutritional values. Winged bean {Psophocarpus 
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tetragonolobus\ which is a tropical edible legume (Fabaceae) found in Southeast 
Asian countries, was identified to have high protein content (Table 2-1). It is rich in 
lysine (Nwokolo E.，1996)，and therefore is a good candidate for identification of such 
gene(s) (Table 2-2). 
Table 2-1. The protein content in different organs of the winged bean 
(www.echonet.org) 
Plant Parts Protein Content 
Pods — ~ 一 2 % 
Leaves 5 % 
Dried seeds 3 0 % 
Dried roots 2 5 % 
Foriage (Leaves + stem) 6 % 
Table 2-2. Comparison of essential amino acid contents in wheat, rice and 
winged bean (Pomeranz, 1988; Juliano B. O.，1980; King et. al” 
1987) 
(Grams of amino acid per 16 grams of nitrogen)  
• . Wheat Winged bean 
Ammo Acid 
(Whole gram) (Brown rice)  
Isoleucine ^ ^ « 
Leucine ^ 7.9 8.2 
Lysine ^ 12 
Methionine ^ U  
Cysteine ^ 7 3 \A  
Phenylalanine 4.6 4.9 4.6 
Tyrosine 3A 4A  
Threonine ^ ^ « 
Valine 4.7 “ ^ ^  
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2.1.2 Lysine-rich protein (LRP) 一 Discovery and usage 
2.1.2.1 Identification of lysine-rich protein (LRP) 
To identify a lysine-rich protein in legumes, 10 plant species with high level 
of lysine were selected and their seeds were subjected to amino acid composition 
analysis. The winged bean {Psophocarpus tetragonolobus) seeds were found to 
have the highest lysine content (Liu, 1991). Total protein extraction of winged bean 
seeds and subsequent SDS-PAGE analysis resolved 21 individual polypeptides, 
among which a 17kDa polypeptide, called the winged bean lysine-rich protein 
(WBLRP), had the highest lysine content (10.17%, mg/lOOmg). The N-terminal 
sequence of the WBLRP was then determined. 
2.1.2.2 Cloning cDNA for WBLRP 
From the known N-terminal sequence of the protein, a nucleotide probe was 
designed (Sun et. al. 1998). By the use of the probe and northern blot technique, the 
LRP mRNA was detected in developing seeds of winged bean. The mRNA was then 
cloned by RACE (Rapid Amplification of cDNA Ends), using gene-specific and 
universal primers. The cloned cDNA of WBLRP was used to obtain the full-length 
cDNA from the cDNA library of developing winged bean cotyledon. 
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The full-length cDNA, excluding the poly A tail, is 782 bp, containing a 5， 
untranslated region of 68 nucleotides, a coding region of 474 nucleotides, and a 3， 
untranslated region of 240 nucleotides (Cheng S. M. K., 1999). The coding region 
encodes a protein of 157 amino acids with a molecular weight about 17kDa. There 
are 17 lysine residues, representing 10.83 mol% of the total amino acids content. 
2.1.2.3 Transgenic Expression of LRP in other plants 
Cheng (1999) constructed a chimeric LRP gene, and successfully 
transformed and expressed the gene in Arabidopsis thaliana. The WBLRP cDNA 
(474bp) was inserted between a bean phaseolin promoter and terminator cassette, 
which directed the expression specifically in seeds only. The expression was stable 
at both mRNA and protein levels. 
LRP was also recently transformed into rice to increase its lysine content of 
rice (Liu et. al.’ 2002). Rice seed-specific promoter and terminator were used in this 
case, and stable expression was obtained. 
2.1.3 Unknowns remained 
Food safety has become a focused issue in the world. In traditional food, 
some of the components are required to be known and labeled. This becomes 
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complicated in genetically engineered or modified foods, since some novel proteins 
from different organisms may be transferred into the crops, and the allergenicity and 
original fimction(s) of the proteins may not be determined. 
Although LRP is rich in lysine, and can be stably expressed in other plants, 
the safety of foods, which contain the LRP transgene and its product, will be still a 
question. This is due to our limited knowledge on the allergenicity and physiology 
of LRP. 
Information on the cDNA and amino acid sequences of the LRP sheds light 
on this problem. Using BLAST engine, the LRP was shown to have significant a.a. 
sequence identity (~50%-95%) to the Bet v I pollen allergen-like pathogenesis-related 
protein class 10 (PR-10) family, and a even higher (91%) a.a. sequence identity in a 
Bet V I conserved region (Prosite access number: PS00451). A more detailed review 
on the causes of allergy and PR-10 family is needed. 
In the following sections (Section 22, 2 3 and 2.4), the fundamentals in 
food allergy and PR-10 family, and how they are related to the LRP, will be reviewed. 
Based on these reviews, hypotheses and experiments of this project were established. 
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2.2 Food allergy and gastro-immunity 
2.2.1 What is allergy? 一 A brief introduction 
According to the clinical definition, allergy is the hypersensitivity towards a 
harmless substance, and the triggered immune reactions that give rise to symptoms 
and diseases in some people. 
Allergies are caused by proteins called allergens. Allergens are not 
pathogenic to our bodies, but may trigger our immune responses (hypersensitivity), 
and may in turn cause various symptoms and even death. Allergens may be present 
in different matters, and sensitize people via different routes. Knowledge has been 
built up against these allergens, and some of their sources are distributed in pollens， 
dust, fungi, food, etc. In addition, amino acid sequences of some allergens have 
been identified and the mechanisms of our immune responses towards these allergens 
have been figured out. 
By the classification of Coombs and Gell (1975), allergic reactions can be 
divided into 4 types. In type I (IgE-mediated reaction), the antigen/allergen binds to 
the IgE, and this complex in turn binds to the IgE-afFinitive receptor FcgRl in mast 
cells and basophils. These bindings activate the cells and cause them to release the 
content of their cytoplasmic granules. The granules contain chemical mediators such 
as histamine, which will generate symptoms such as inflammation, rhinitis and 
10 
asthma, etc. This reaction is immediate. 
For type II reaction (cytotoxic reaction), the antigen is synthesized and 
located on the cell membrane, or is attached to the membrane of a cell. When 
interaction between the antigen to an IgG or IgM occurs, the complement cascade is 
activated. The complement system releases cytotoxic substance to destroy the cell 
or destroys the cells by phagocytosis. 
Type III reaction (immune complex reaction) occurs when the circulating 
allergen is binding to the IgG in the circulation to form the immune complex. The 
complex activates the complement cascade, resulting in local infiltration 
(peri-vascular tissues) of neutrophils and production of lysosomal enzymes. Type III 
reaction is a late reaction, occurring 2-4 hours after exposure. 
In type IV (cellular immune reaction), T lymphocytes are activated by the 
allergen, and are trigged to form cytotoxic T cells, which will destroy the cell carrying 
the antigen; and to secret the cytokines, which in turn activate the non-sensitized 
lymphocytes, macrophages, monocytes, etc. to fight the antigen. The consequence is 
inflammation and tissue damage. This reaction appear 24-48hrs after exposure, so is 
also called delayed type hypersensitivity. 
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2.2.2 Food allergy and its symptoms 
Food allergy occurs when the immune system and hypersensitivity reactions 
of a person are triggered by the allergen(s) present in food. 
About 2% of the world population (Young et. al., 1994; FAO, 1995) is 
suffering from allergens brought about by various types of food. Although food 
allergens may be present in different kinds of food, over 90% of the allergies were 
caused by 8 major food groups, including fish, peanuts, soybeans, milk, eggs, 
crustacea, wheat, and tree nuts (FAO, 1995). 
Reactions to food allergens usually involve several organs, such as skin, 
mouth, respiratory tract and especially the gastrointestinal tract (Mygind et. al.，1996). 
The reactions include anaphylaxis (pruritus in mouth, pain and diarrhea of the gut, 
inflammation of skin, and sneezing, followed by subsequent collapse of circulatory 
system and death), vomiting and diarrhea, atopic dermatitis, urticaria and angioedema 
in skin，and asthma and rhinitis in respiratory tract. These reactions and symptoms 
have been related to the hypersensitivity of our immune system towards the food 
allergens. 
Type I，III and IV hypersensitivity reactions are identified in food allergy 
patients. Type I reactions were proved to be related to food allergy by positive skin 
test results against the food suspected (Sweeney et. al., 1987). IgE were also found 
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increasing in these patients, and the IgE were able to bind to the suspected food 
antigens. These IgE produced in turn activate the de-granulation of mast cells, 
which release chemicals that cause the allergic symptoms, such as histamine (Selbekk 
et. al., 1978). Type III reaction in food allergy was identified by the production of 
immune complexes to food antigens after ingestion (Cuningham-Rundles et. al.， 
1978). Delayed type (type IV) hypersensitivity reactions, which are caused by 
activation of T cells, are also found in some food allergy patients. Together, these 
evidences indicate that the malfunctioning of our immune system, especially the 
gastrointestinal immune responses, causes the symptoms of food allergy. 
2.2.3 Gastrointestinal immunity 
Our gastrointestinal tract encounters various types of proteins everyday. 
However, the chance that the proteins are absorbed and stimulate our immune 
responses is not high. Discovery in the structure and function of the gastrointestinal 
mucosa and epithelial layers has uncovered the working principle of the 
gastrointestinal immune system. This specialized system limits the access of intact 
proteins and pathogens to the immune system, and at the same time let the intestine 
absorb the harmless digested nutrients. It maintains a balance between "undesirable 
extremes of immune incompetence and hypersensitivity" (Mygind et. al., 1996). 
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There are several protection mechanisms: 
1. Proteolytic enzymes 
When the proteins are inside the digestive tract, they are digested by 
different enzymes. Pepsin secreted in the stomach, with trypsin, chymotrypsin and 
carboxypeptidase found in the pancreatic juice secreted into the duodenum, account 
for the protein digestion in the tract (Davenport, 1982). It takes 30mins for the 
ingested proteins to reach the jejunum, and 90mins more to move into the ileum, 
where absorption occurs (Davenport, 1982). Therefore, The intact proteins are 
limited to direct absorption by proteolysis. 
2. Anatomical barriers 
The whole gastrointestinal tract is covered by a layer of epithelial cells that 
are closely packed (Mygind et. al•’ 1996). Mucus-secreting cells are present in this 
epithelium, and produce a layer of mucus covering the epithelium. These form the 
anatomical barriers which avoid the antigenic materials to be absorbed. Besides, the 
epithelial cells produce lysosomes，which degrade the immune complexes and 
macromolecules absorbed by receptor-mediated endocytosis or fluid-phase 
pinocytosis (Walker, 1981; Gonnella et. al., 1984). In small intestine, the epithelial 
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cells also produce and secret proteolytic enzymes and peptidases inside the cells and 
into the mucus layer. Therefore, antigenic materials have less chance to go through 
the epithelial layer and stimulate the immune system. 
3. IgA protection 
On the epithelial layer of the gut wall, there are some thin membranous 
microfold cells (M cells). These cells have fewer microvilli and are in lack of 
lysosomes, and take part in the transport of antigen to the Peyer's patches that are near 
by (Owen et. al.，1974; Walker, 1982). The Peyer's patches are lymphoid follicles 
and are present in the mucosa layer. They bear B lymphocytes that produce 
antibodies responsible for the immunity of the gastrointestinal tract (85% of the 
plasma cells produce IgA (Mygind et. al.，1996)) (Durkin et. al.，1981). When the 
antigens transported from M cells stimulate the B cells, IgA are produced and secreted 
into the lumen of the gut. The specific IgA bind to the antigens to form the immune 
complexes, to avoid further absorption of the antigens (Buckley et. al., 1982) and to 
enhance the clearing of the complexes (Walker et. al., 1981). 
4. Mucosal T suppressor cells 
On the gut wall epithelium, there exists a group of T cells with CD8+ 
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phenotype. These cells closely associate with the antigen-presenting macrophages 
inside the mucosa, and have no cytotoxic activity. Upon stimulation by the antigens 
from the lumen of the intestine or from the antigen-presenting cells, these T cells may 
suppress the immuno-globulin production except IgA, which serve to protect the gut 
from further absorption of the antigen (Elson et. al., 1979). It is therefore proposed 
that these T cell are T-suppressers that provide special tolerance mechanism of 
antigens to the gastrointestinal tract. 
5. IgG response in plasma 
If the intact antigens can pass through the barriers and enter the circulation, 
they may induce IgG immune responses. The IgG produced may form immune 
complexes with the antigen in the plasma. These complexes will then be degraded 
by reticulo-endothelial system (Mygind et. al., 1996). 
2.2.4 Possible mechanism of food allergy 
Through the studies and characterization of the food allergens, their modes 
of action, and physical and biological properties have been explored. 
Food allergens were found to have some general characteristics (Sweeney et. 
al., 1987; Mygind et. al., 1996). The molecular weights of the allergens tend to be 
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small (ranging from lOkDa to 40kDa). They are proteins or glyco-proteins and are 
water-soluble. They also have extra stability against proteolytic digestion and heat 
treatment (Bleumink, 1970). 
Due to the relatively small size and their resistance to proteolytic digestion, 
food allergens can remain intact along the gastrointestinal tract. In addition, 
peristaltic inhibition (Chiaramonte et. al.，1988)，injuries of the anatomic barriers of 
the tract (Breneman, 1987), intestinal microflora and their production of physiological 
luminal factors (Teichberg, 1980 and 1982), etc., will increase the exposure time of 
the intact allergens to the immune structures of the tract, reduce the protection from 
the barriers and increase the permeability of the gastrointestinal tract to 
macromolecules. These intact allergens may therefore increase chances being 
absorbed by the immune structures in the tract and cause allergen. 
In normal condition，only small amount of intact proteins are able to go 
through the dying epithelial cells (Walker et. al.，1972) and M cells (Owen, 1977) into 
the mucosa layer. These proteins are quickly cleared to avoid any pathogenic effect 
by the gastrointestinal immune system as described in Section 2.2.3. Nevertheless, 
high amount of allergens may saturate the protective mechanisms, leading to the 
triggering of non-protective immune responses, and causes hypersensitivity reactions 
(Sweeney et. al.，1987). 
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The treatments of the food before ingestion also have effects on the 
allergenicity of the food protein. For example, during the cooking procedure, in 
which heating of the food is involved, a food protein may change the allergenicity by 
changes of their conformation. 
As a conclusion, the structure, digestibility and concentration of a protein, 
and the fitness of our digestive tract play important roles in determining whether the 
intact protein can be absorbed and cause hypersensitivity reactions. 
2.2.5 Available tests and limitations 
In clinical research, efficient methods have been built up to determine the 
relationship between an allergen and a patient who shows allergic symptoms. 
One of the common methods used is the skin test, in which an 
amount-controlled allergen extract is introduced into the skin of the patient. If the 
patient is sensitive to the allergen, the allergen in the skin may interact with IgE 
bound onto the mast cells, thus induces the characteristic wheal-and-flare reaction that 
can be measured. Skin test can be used as the primary tool to confirm IgE-mediated 
disease in skin, digestive and respiratory tract. However, allergen introduction 
requires careful monitoring and may cause undesirable effects on the patient. 
For food allergy patients, amount-controlled food challenge can also be 
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used to find out the specific allergenic food. This test required a skillful administer 
to handle. The test is sensitive against specific food sources, but this test may cause 
harmful effects to the patients, and is not suitable for those with severe reactions (e.g. 
anaphylaxis) against allergens. The test is also very time consuming (2 weeks). 
Although various methods are able to determine whether an allergen can 
cause allergy to one person, these methods cannot predict whether a protein, without 
any records as an allergen, will actually cause allergy. In food allergy, without 
human ingestion and starting of allergic symptoms, one cannot determine a protein as 
a potential allergen. 
2.2.6 Radioallergosorbent test (RAST) 
Another test commonly used clinically is the radioallergosorbent test 
(RAST). In this test, the suspected allergen is chemically linked to a solid-phase 
support, and serum from an allergy patient is incubated with the allergen. 
Isotope-labeled secondary antibodies specific to different immunoglobin groups are 
then used to detect the allergen-specific serum antibodies on the solid phase. 
Although the cost of this method is high and is time consuming, it is safer 
than the tests mentioned above and can determine the specific allergen for the patient. 
The method can also be modified to adapt laboratory non-radioactive 
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immuno-detection kits, by replacing the isotope-labeled secondary antibodies to 
enzyme-linked ones. 
In addition, serum samples from patients can be collected and frozen to 
form a serum bank, which serves as a ver> convenient tool on allergy research. The 
allergen causes of the serum samples can be identified and these identified samples 
can in turn be used in screening some unknown proteins. Proteins that have 
reactivity to these samples may indicate that they have some homology to the allergen 
causes of the corresponding serum sample, and may require further investigation. 
2.2.7 Digestibility test 
The problem of assessing allergenicity of unknown food proteins can be 
simplified, according to the study of Astwood et. al.，1996. They focused on the 
relationship between digestibility of the target by proteolytic enzymes and 
allergenicity of that target. They then hypothesized that, for an intact protein to 
become a food allergy, it requires sufficient stability against gastric protein digestion, 
so that it can be absorbed in the small intestine in intact form, to stimulate the 
hypersensitivity reactions. 
To test their hypothesis, they study the stability of different allergenic and 
non-allergenic proteins under simulated gastric digestion by pepsin. The results 
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showed that the tested allergenic proteins (from egg, milk，soybean, peanut, mustard, 
etc.), with no exception, all were stable in the simulated gastric fluid (SGF) for at least 
2min, and the allergen themselves or their fragments require longer time than the 
non-allergenic proteins to be digested by pepsins (Table 2-1). In other words, the 
more stable is a protein against pepsin digestion, the more possible it is absorbed in 
intestinal mucosa and therefore more possible to be an allergen. 
Table 2-3. Generalized results of allergenicity test (Astwood et. al., 1996). 
Proteins classified according to their Stability of protein /min  
stability against pepsin  
Non-allergen 0.25min  
Modest allergens 2mins 
Moderate allergens 2-15mins 
Strong allergens >lhr 
Although this method is only an estimation, and cannot exactly determine 
the allergenicity of a protein, it is still very useful in finding out the potential of a 
protein being a food allergen, when the protein has no allergenicity background, or 
when the protein is a novel product of genetic engineering. 
2.2.8 Betv-1 Allergen Family 
The Bet v I protein is one of the major pollen allergens found in the pollens 
of the birch tree (Betula verrucosa) in the order Fagales. Birch pollens are a major 
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source of allergens in North America, Asia and Europe (Mygind et. al.，1996). The 
pollens are wind-bom and the allergen stimulates the hypersensitivity reactions via 
respiratory pathway, rather than by ingestion and intestinal absorption. 
Bet V I is one of the allergens found inside the birch pollen, and is the 
representative of a allergen family consisting of homologue allergens found in other 
plants. Bet v I triggers type I (IgE-mediated) hypersensitivity reaction，and the 
symptoms are hay fever, dermatitis, asthma and anaphylactic shock. Although Bet v 
I is a respiratory allergen, some of the members of this allergen family are present as 
food allergens, such as Mai d I in apple. Cor a I in hazel nut, Api G I in celery, and 
Car b I in hornbeam, etc. A conserved region was discovered in the a. a. sequence 
among the members (Prosite access number: PS00451) (Table 2-4), 
Besides presence as an allergen, this family of proteins also relates to plant 
defense system. A group of pathogenesis-related (PR) protein (class 10) shares 
sequence identity to the Bet v I family, as reviewed in the following section. 
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Table 2-4. Amino acid sequence identity of the Bet v I conserved region 
among some LRP homologues 
Proteins Amino acid sequence Identity in Bet v I 
identity to LRP conserved region 
-- 91% 
SAM22 (soybean) 100% 
PvPR2 (kidney bean) ^ 100% 
LaPRlO (white lupine) 88% 
Cor a I (hazel nut) 76% 
Bet V I (white birch) -
Mai d I (apple) 52% S m  
2.3 Pathogenesis-related proteins 
2.3.1 Defense-related proteins and pathogenesis-related proteins 
(PRs) 
As other organisms, plants face invasions from pathogens. When 
pathogens invade, plants may be induced and responses by producing various kinds of 
proteins called defense-related proteins. Some of these proteins, such as 
phenylalanine ammonia-lyase, cinnamic acid 4-hydroxylase, 4-coumarate-CoA ligase， 
chalcone synthase and chalcone isomerase (Vidhyasekaran, 1997), may in turn 
produce low-molecular-weight substances such as phytoalexin and phenols, etc, 
which have toxicity to the pathogens. Another group of proteins, the 
hydroxyproline-rich glycoproteins, which strengthens the cell wall of infected tissues， 
can delay the pathogenic invasions. 
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A group of plant proteins, called the pathogenesis-related proteins (PR 
proteins), also belong to the defense-related proteins, since their expression is induced 
by pathogen attacks. These proteins are of diverse structures and functions. They 
are not the enzymes of biosynthetic pathways, which produce toxins or 
anti-pathogenic chemicals, like other defense-related proteins mentioned. They 
protect the plants by directly acting on the pathogen invasions，e.g. group 1 PRs are 
anti-fungal, while group 3 PRs can break down the fungal cell wall. 
PR proteins are ubiquitous in plants, present in dicots such as tobacco, 
tomato，spruce, potato, and various legumes; in monocots such as rice, maize and 
sorghum; and even in gymnosperais such as pine (Vidhyasekaran, 1997). Original 
classification of PR proteins divided the proteins into 5 classes according to their 
molecular mass, pi points and localization (Stinz et. al., 1993). A more detailed 
classification of these PR proteins is used now, based on their sequence homology, 
immunological relationship and enzymatic properties (Van Loon et. al., 1994). The 
PR proteins are divided into 14 unique groups, as listed in Table 2.2. 
24 
Table 2-5. Recommended classification of PR proteins. 
Class Type Member Functions 
PR-1 Tobacco PR-1 a Anti-fungal, 14-17kDa 
PR-2 Tobacco PR-2 Class I，II，III p-1,3-glucanases, 25-35kDa 
PR-3 Tobacco PRP & PRQ li^o-chitinases, 30kDa 
PR-4 Tobacco PRR Functions unknown 
PR-5 Tobacco PRS Thaumatin-like proteins, osmotins  
PR-6 Tomato inhibitor I Proteinase inhibitors, 6-13kDa 
PR-7 Endo-proteases  
PR-8 Cucumber chitinase Class III endo-chitinases 
PR-9 Lignin-forming peroxidase Peroxidases 
PR-10 Parsley PR-1 Ribonucleases，Bet v I family  
PR-11 Tobacco class V chitinase Class V endo-chitinase 
PR-12 Plant defensins ~ ~ 
PR-13 Anti-fungal thionins  
PR-14 |Non-specific lipid transfer proteins  
It has been shown that various treatments of the plants can induce the 
expression of PR proteins (Lamb, et. al, 1989; Dixon et. al., 1990). Other than 
microbial attacks and wounds, chemical signals such as salicylic acid, ethylene, and 
methyl jasmonate can also induce the expression of various PR proteins 
(Vidhyasekaran, 1997). In addition, some PR proteins are expressed during normal 
plant development and some are constitutively expressed in certain organs. 
2.3.2 Class 10 PR proteins (PR-lOs) 
The first members of this family, the parsley PRl proteins, were shown to 
be different to PR proteins of other classes, by that the parsley PRl proteins 
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(Somssich et. al., 1988) were shown to be both acidic and intracellular. The parsley 
PRl proteins，and the subsequent identified proteins with sequence homology were 
shown not to have any N-terminal signal sequence. They were suggested to be 
intracellular and were then designated as a novel group, called the intracellular PR 
proteins or PR-10 proteins (Van Loon et. al , 1994). The sizes of the PR-10s are 
about 16-20kDa. 
PR-10s were discovered in different plants. Many of them were shown to 
be present in various legumes, including pI49 in garden pea (Fristensky et. al., 1988), 
PvPRl, PvPR2 and YprlO gene product in bean, PR-pl6.5, LaPR-10, LlPRlO.l and 
PR-Ll in lupine, MtN13 and P17 in Medicago and SAM22 and H4 in soybean 
(Crowell et. al.，1992). 
Homologues of these proteins were discovered from other dicots such as 
cotton (McFadden et. al.，2001), pear (Karamloo et. al.’ 2001), apple (Puehringer et. 
al.，2000), birch, ginseng (Moiseyev et. al.’ 1997) and potato (Vidhyasekaran, 1997). 
Besides dicots, PR-10s are also present in monocots (lily, asparagus，rice 
and sorghum) and gymnosperms (Pine). 
PR-10s occur as multi-gene families in some plants, such as birch, yellow 
and white lupines, soybean, and pine，etc. Besides, PR-10s usually have high lysine 
content similar to LRP. 
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2.3.3 The expression patterns of PR-lOs 
The expression of PR-10s in different crops is not unified. Among the 
members of PR-10s, various expression patterns were found. For example, a single 
PR-10 may both express constitutively in a specific plant organ and be induced by 
pathogenesis-related signals in other organs. In some cases, when several PR-10 
genes occur in one plant, their expression patterns may be different from each other. 
Therefore, there is no general conclusion concerning the expression pattern of 
PR-lOs. 
2.3.3.1 Pathogens-induced and signal-induced expression 
Many of the PR-10 homologues were induced to express by the pathogens 
invasion. These proteins or cDNAs were discovered from legumes such as alfalfa 
(Truesdell et. al.，1997) and white lupine (Pinto et. al.，1995), from cotton (McFadden 
et. al., 2001), rice (Jwa et. al.，2001; McGee et. al., 2001), sorghum (Lo et. al., 1999), 
and Douglas fir (Ekramoddoullah et. al., 2000), etc. All of these cases were induced 
by the invasion from fungi, such as Cochliobolus heterostrophus, Colletotrichum sp,, 
Magnaporthe grisea’ and root rot fungi {Phellinus weirii). The expression was 
localized in the infected tissues in the case of sorghum, while the location of 
expression in other cases was not mentioned. 
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Transcriptional induction of the PR-10 homologues by certain endogenous 
signals also occurred in some plants. These signal molecules or hormones may be 
produced in pathogenic attacks, and may bind to receptors that in turn trigger signal 
transduction cascades and induce the expressions of various types of PR proteins, 
including the PR-10s. These molecules include salicylic acid, jasmonic acid, methyl 
jasmonate, and plant hormones such as ABA and ethylene (Vidhyasekaran, 1997). 
2.3.3.2 Spatially- and developmentally-regulated expression 
Other than stimulation by pathogenesis-related signals, some PR-10s are 
expressed during the normal development of their host plants. 
The YprlO gene, present in bean (Phaseolus vulgaris L.)，was shown to 
express in bean root by northern blot (Walter et. al., 1996). Moreover, the 
expression occurs in senescent leaves and developing stems, but not in leaves during 
young and mature states. The gene promoter could also be induced by various 
pathogen-related signals. 
Two PR-lO-like proteins were identified from the legume Medicago 
truncatula: MtPRlO-1 and MtN13 (Gamas et. al., 1998). MtPRlO-1 is constitutively 
expressed in root, although it can be induced by pathogen attack in leaves of 
Medicago plants. MtN13 was different from MtPRlO-1, for its expression occurs 
28 
during nodulation, and is not induced by pathogen attack. 
One of the PR-10s in the yellow lupine, LIPRIO.IA, was also shown to be 
expressed in the root and senescent nodules, by western blot and 
immunocytochemistry detection (Sikorski et. al.，1999a). Another protein, the 
LIPRIO.IB, is expressed in stem and leaves, and in petiole of the yellow lupine in 
lower level (Sikorski et. al.，1999b). 
LaPR-10, identified from white lupine {Lupinus albus), shows a similar 
expression pattern with YprlO in bean and LIPRIO. lA in yellow lupine. The protein 
is constitutively expressed in root of the white lupine, and at lower level in other 
organs (Bantignies et. al., 2000). In addition, RNase activity of the protein was also 
demonstrated (described in Section 2.3.4). 
In conclusion, the spatially- or developmentally-regulated PR-10s were 
usually found in legumes. The expression usually occurs in root; in other organs, the 
expression is at a lower level. Other factors such as pathogen attack may stimulate 
their expression independently. 
2.3.3.3 Other induction patterns 
Other than pathogen-related-inductions and developmentally regulated 
expression, some PR-10s are induced in plants by other environmental factors. 
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In a Cu- and Zn-tolerant birch {Betula pendula), a 17kDa polypeptide (Bet v 
I-Sc3), which is homologous to the Bet v I pollen allergen, was found to be induced to 
express by the copper stress in root and leaves (Utriainen et. al., 1998). In yellow 
lupine (Lupinus luteus), several 16kDa proteins (PR-Ll etc.) with some degree of 
similarity to the one discovered in birch just mentioned were discovered 
(Przymusinski et. al.，1999). They show homology to PR-10s, and are expressed in 
the root of lupine when heavy metal such as lead, copper and cadmium are present. 
Pin m III, a PR-10 homologue found in western white pine {Pinus 
monticola Dougl. Ex D. Don), is induced to express by another environmental factor 
Yu et. al. has shown that Pin m III is expressed in roots and twigs during cold 
acclimation. Another PR-lO-like protein, which is also detected from pine， 
responses to the drought stresses and generates a transient expression in the needles of 
seedlings but not in stem and root of the pine (Dubos et. al.，2001). 
2.3.4 Functions of PR-1 Os 
The function of the PR-10s was an unknown, before the discovery of two 
ribonucleases from ginseng {Panax ginseng) by Moiseyev et. al. (1994, 1997). The 
two ribonucleases have about 30% difference with the PR-10s in parsley and celery, 
and about 60% difference with other dicotyledous PR-10s. 
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Later, two groups of scientists (Bufe et. al., 1996; Swoboda et. al.，1996) 
who worked on the major birch pollen allergen，Bet v I，discovered that Bet v I, also a 
member of PR-10s, showed ribonuclease activity. By using a RNase activity 
SDS-PAGE method (Yen et. al., 1991), Bufe et. al. (1996) were able to isolate the 
ribonuclease from the birch pollen extract, and found that this protein reacted to the 
Bet V I antibody. RNA from torula yeast, birch cell culture and timothy grasses were 
also used as substrates for the digestion by the proteins, and the results were positive. 
Bantigitte et. al. (2000) identified a 17kDa protein, the LaPR-10, from the 
white lupine (Lupinus albus). Using the RNase activity gel and RNA challenges, 
they were able to recognize the RNase activity of the protein, both in native form and 
recombinant form produced from E. coli. The protein exhibited activity onto the 
torula and lupine root RNA. The LaPR-10 was the first PR-10 in legumes that 
shows RNase activity. 
The NMR and X-ray structure of the birch pollen allergen Bet v I was 
explored in 1996 (Gajhede et. al.). A P-loop structure was discovered in the position 
47-52 of the protein sequence, which has a pattern as GXGGXG. This structure was 
also found in other nucleotide-binding proteins, and is a possible site for phosphate 
binding (Saraste et. al., 1990). This region was also found in LaPR-10 of the white 
lupine, with the RNase activity proved as described. 
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Although the RNase activity of some PR-10 members was detected, the 
RNase activity of other members was not proved. Activity essay and discovery of 
motifs among these unproved members might test the hypothesis that PR-10s are 
intracellular RNases. 
2.4 Development of hypotheses and experiments 
LRP, a protein in the winged bean plant, has high degree of homology to the 
PR-10 family. Winged bean has been a common food crop in the tropical countries, 
and there are no known clinical records of allergy cases by consumption of any parts 
of the winged bean plant. However，members of the PR-10 family are known 
allergen sources for some people. LRP may therefore have the potential to cause 
allergy. 
Since LRP is a novel protein discovered from winged bean, and research 
focusing on it is limited, information on the allergenicity of LRP is not available. To 
apply the gene in nutritional enhancement of cereal crops, a safety assessment and 
estimation of the allergenic potential of LRP is therefore a necessity. 
A general characteristic of food allergens is their stability against various 
proteases in our digestion system, so that the intact proteins may be absorbed in small 
intestine and arouse allergic reactions. The stability of LRP in our digestion system 
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is therefore an indication to its possible allergenicity. Gastric and duodenal proteases, 
and their combination, is a fast and simple way to determine the stability and in turn, 
the possible allergenicity, of LRP in vitro. By comparing the stabilities of known 
allergens and non-allergens with LRP in these simulated digestions, the allergenicity 
of LRP can thus be assessed. 
LRP has a moderately high identity to the Bet v I protein sequence (53% to 
the whole sequence, and 91% to the Bet v I conserved region). The results from 
predicting the secondary structure by GOR IV also showed that the secondary 
structure of LRP is similar to one of the Bet v I as described in other studies. It is 
therefore possible that LRP may have some degree of resistance to the digestive 
proteases. On the other hand, the lack of clinical records stating that LRP as an 
allergen supports that the resistance of LRP to digestion may be mild. 
Focusing on the allergenicity of LRP，we therefore hypotheses that: 
1. The simulated digestions reflect the allergenicity potential of the 
proteins tested. 
2. LRP can be digested by pepsin, and its stability against pepsin is 
greater than non-allergens but less than allergens. 
3. The remaining LRP from pepsin digestion will be further 
digested by trypsin so that the intact LRP will not be absorbed 
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directly. 
The physiological properties of LRP in winged bean plant are another 
unknown to be explored. Due to its sequence similarity to the PR-10s, the 
expression pattern and function of LRP may also relate to the PR-10s. In other 
words, the expression pattern and function of PR-10s can be used as models to test for 
the physiological properties of LRP in winged bean. 
As reviewed, various variations are present in the expression pattern of 
PR-10s. They seemed to be stimulated to express by the pathogenesis-related 
signals and regulated spatially and developmentally, although some PR-10s may 
response to both situations. In this research’ focus will be on the spatial and 
developmental expression profiles of LRP. 
Most of the PR-10s expressed during the development of plants (especially 
in legumes) are expressed abundantly in root, in a constitutive way. In other plant 
organs, the expression levels of these PR-10s are lower. Though LRP is present in 
the winged bean seeds, it is also possible that the gene is expressed abundantly in root, 
similar to the pattern of other legumes. 
LRP protein sequence has a moderate homology (-53%) to the Bet v I in 
birch that has been proved to have RNase activity. On the other hand, sequence 
similar to the P-loop that has the role of nucleic acid binding in Bet v I was 
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discovered in LRP (position 45-50 of the amino acid sequence, GNGGPG). 
Therefore, the possibility that LRP has RNase activity exists but the enzyme reactivity 
may be different from the Rnase-PR-lOs. 
On the physiological properties of LRP, we hypothesize that: 
1. Expression of LRP is spatially and developmentally regulated in 
winged bean. 
2. LRP is expressed abundantly in the root of the winged bean, and 
in a lesser extent in other plant parts. 
3. LRP shows RNase activity similar to other PR-10 members, due 
to its sequence homology to them. 
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3 Materials and methods 
3.1 Introduction 
This thesis research is divided into 3 parts: 1) purification of LRP and 
production of antiserum, 2) allergy tests and 3) physiological investigations. 
In the first part, WB-LRP was isolated from winged bean seed total protein 
by differential pi precipitation and then purified by native tricine-PAGE with 
subsequent gel elution. The N-terminal amino acid sequence of the protein was 
determined and confirmed. In addition, the WB-LRP cDNA was cloned into a pET 
expression vector, and the recombinant LRP was induced to express in E. coli and 
purified via gel elution. The use of both the native and the recombinant LRP (rLRP) 
was summarized in Table 3-1: 
Table 3-1. The use of native and recombinant LRP (rLRP) in this project 
^ Native WB-LRP rLRP 
Antiserum Production n / X 
IgE binding test N / ^ 
Digestibility tests X 
RNase activity test N / ^ 
WB-LPR purified from winged beans, in both native and denatured forms, 
was then injected into rabbits to produce antiserum, which was used in subsequent 
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allergy and physiological analysis. The titer of the antisera and their specificity were 
determined. 
To study the allergenicity of LRP, the purified proteins, both native and 
denatured forms, were subjected to simulated gastric digestion. The stability of the 
intact protein and its fragments were compared with other allergenic and 
non-allergenic proteins visually after tricine SDS-PAGE and immuno-detection, using 
the rabbit LRP-specific antiserum. Since undigested LRP would enter the duodenum 
and would be absorbed to cause allergy, the fate of LRP in duodenum, estimated by 
stability against the duodenal trypsin digestion, was also investigated. Moreover, to 
determine if LRP is immunologically reactive with IgE from allergy patients, IgE 
samples from 218 allergy patients were tested whether they could bind to the native 
and recombinant LRP, using dot blot and immuno-detection method. This was 
kindly carried out by Prof. T. F. Chew (National University of Singapore). 
In the third part, the physiological properties of LRP in winged bean were 
investigated. Winged bean seeds were germinated and grown, and different organs 
at difterent developmental stages were collected. Their total RNA and protein were 
extracted respectively. Presences of LRP in these samples were determined at 
mRNA level by northern blot and DIG-labeled cDNA probe, and protein level by 
western blot and LRP-specific antiserum. In order to test the RNase activity of LRP, 
37 
purified LRP were incubated with viral and plant total RNA for different periods. 
The degradation of RNA samples were monitored by denaturing RNA electrophoresis. 
The research plans was summarized in Fig. 3-1 






• ^ Detecting 
^••••••••••••^••！^^  RNase activity 
Figure 3-1. A flow chart of this project 
3.2 Materials 
3.2.1 Chemicals 
Chemicals and reagents used were of analytical or molecular grade. 
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Enzymes used in cloning and molecular manipulation were from Promega, New 
England Biolabs (NEB) and Roche, while enzymes and non-allergenic controls used 
in digestibility tests were from Sigma. Used as positive controls, BSA was 
purchased from New England Biolabs, while purified Brazil nut 2S albumin was 
provided by Prof. S. S. M. Sun (CUHK, Hong Kong). 
3.2.2 Apparatus and commercial kits 
Electrophoresis and blotting of DNA, RNA and protein samples were 
carried out using BioRad gel apparatus and power supply. DNA sequencing was 
performed by Perkin Elmer ABI PrismTM 310 Genetic Analyzer using ABI Prism™ 
dRhodamine Terminator Cycle Sequencing kit. Most of the kits that were used in 
molecular cloning were purchased from Promega and Qiagen. Centricon™ from 
Millipore, with lOkDa MWCO, was used to concentrate protein samples. 
3.2.3 Vectors and bacterial strains 
The LRP cDNA was originated from pLRP-1 provided by S.M.K. Cheng 
(CUHK, Hong Kong). The bacterial expression vector, pET-30a-v (\) used in 
production of recombinant LRP, was from Novagen. 
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E. coli DH5a was used as the host for the manipulation and maintenance of 
pLRP-1 and pET30a-v (+). E. coli BL21 DE3 was used as the host for pET vector 
expression. 
3.2.4 Plant and animal materials 
Winged bean seeds were provided by Prof. S.S.M. Sun (CUHK, Hong 
Kong). Seeds of Arahidopsis with the LRP cDNA transgene was produced and 
given by S.M.K. Cheng (CUHK, Hong Kong). Wild type Arahidopsis seeds were 
provided by D.W.K. Ng (CUHK, Hong Kong). 
Four male rabbits, prepared by Laboratory Animal Service Center of CUHK, 
were used to raise anti-serum against LRP. 
3.2.5 Computer software 
On-line sequence homology Search was done by using Blast Program 
(http://www.ncbi.nlm.nih.gov/BLASTy AgMoBiol (http://ambl.lsc.pku.edu.cn/^ in 
Peking University was used to perform allergen homology comparison. In addition, 
to check the physical properties and 2D structure of LRP, the ProtParam and GOR4 
tools ofExpasy on-line site (http://www.expasv.ch/) were used. 
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3.3 Purification of LRF 
3.3.1 Purification of LRP from winged bean 
3.3.1.1 Extraction of total protein 
Seeds were treated with liquid nitrogen and then ground to powder by the 
aid of a coffee maker (Philips). The powder was transferred to 50ml centrifuge tube 
and protein extraction buffer (0.05M Na2P04，pH 7, 0.05M NaCl) was added in 1:2 
w/v ratio. The mixtures were vortexed and centrifuged at 16krpm at 4°C for 20min. 
Supernatant was collected without contamination by the fat that floated on the surface, 
and the pellet was re-extracted by the extraction buffer once more. The supernatant 
was collected and then centrifuged once more to further get rid of the residues and 
fats. The final supernatant was collected and stored at 
3.3.1.2 Differential pi precipitation 
Since the theoretical pi of LRP is 4.8, hydrochloric acid (IM) was 
subsequently added into the total protein sample of winged bean (initial pH about 6.5). 
Proteins precipitated were centrifuged down at different decreasing pH points. The 
pellet was re-suspended by protein extraction buffer and the supernatant was then 
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stored in -20°C. Bicinochoinic acid (BCA) method was used to quantitate the 
protein in different pi samples. 
3.3.1.3 Determination of the pi point of LRP 
To find out the experimental pi value of LRP, both native and denaturing 
tricine PAGE were carried out according to the protocol of Schagger and von Jagow 
(1987). Native gel was set up using components described in Tables 3.2a, b and c, 
while the components of the denaturing gel was prepared according to Tables 3.3a，b 
and c. Samples from different pi precipitation were loaded into the gels with the 
same amount (lOOug). The voltage for the stacking gel was 30V for 30mins, and 
llOV for the spacer and separating gel, which lasted for ISOmins. The gels were 
then stained by Coomassie Blue dye to visualize the band pattern. 
The suspected proteins in native and denaturing gels, with corresponding 
size of 17kDa and increasing amount at the acidic pH (5-4), were cut out from the 
gels, and eluted by protein extraction buffer and grinding. The eluates were 
subjected to amino acid sequencing. 
3.3.1.4 Native tricine-PAGE and gel elution 
The native Tricine gel electrophoresis was run with the SDS and 
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P-mercaptoethanol omitted in the gel matrix, running buffers, gel buffer and sample 
loading buffer (Tables 3.2a, b and c). A 2x sample-loading buffer was added to 50ug 
of the pi samples in a 1:1 (v/v) ratio. These protein samples were directly loaded 
into the native gel. 
Expected bands of LRP (�18kDa) from the tricine gel, with the 
corresponding pi 4.4-4.2, were cut out and ground inside a microfuge tube. Protein 
extraction buffer was added (w/v =1:1.5) and mixed for 3hrs before the mixture was 
centrifuged down at 14krpm for ISmins. Supernatant was recovered and the elution 
repeated for 1 more time. The supernatant (~8ml) was concentrated by CentriconTM 
before the total volume of protein reached lOOul. The purified LRP was quantitated 
by tricine SDS-PAGE (Tables 3.3a, b and c), using known amount of BSA as 
standard. 
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Table 3-2 Composition of the gel and buffers used in native tricine-PAGE 
(a.)  
Components Separating Gel Spacer Gel Stacking Gei 
(16.5%T, 6%C) (10%T,3%C) (4%T, 3%C) 
Acrylamide Solution 3 ml 1.2 ml 0.25 ml 
(49.5�/oT，6%C) 
Gel Buffer (3M IVis / 3 ml 2 ml 0.775 ml 
HCI, pH 8.45) 
Glycerol (0.64in 丨； Nil Nil 
1.25mg/ml) 
H20 2.04ml 2.8 ml 2.1 ml 
10% APS 50 ul SO ul 50 ul 
TEMED 5 ul 5ul 5 ul 
Total Volume 9 ml 6 ml 3.125x 2 ml 
Note: %T= Total % of acrylamide and bis-acrylamide in solution. 
%C= % of bis-acrylamide in solution. 
(b.)  
Components Cathode Buffer (inner chamber) Anode Buffer (outer chamber)...这 
Tris base (M) 0.1 0.2 
Tricine (M) 0.1 Nil 
pH 8.25 8.9 
(C.)  
Components 2X Native sample buffer 
Glycerol (Wv) 24 % 
Tris base 100 mM 
Bromophenol Blue TVace Amount 
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3.3.2 Purification from E. coli 
The full-length cDNA of WB-LRP was amplified from the pLRP-l vector 
(Cheng, CUHK, 1999) by PGR method. The cDNA was cloned into the pET30a (+) 
vector, which contains a T7 promoter, a 5’ His-tag and S-tag for purification sequence, 
and a T7 terminator. The resulting chimeric gene was transformed into the E. coli 
BL21 DE3 strain for induction and expression. The recombinant LRP produced 
(rLRP) was purified by subsequent tricine-SDS PAGE and gel elution. 
3.3.2.1 Construction of pET vector expressing recombinant LRP 
(rLRP) 
WB-LRP cDNA was originated from the pLRP-1 plasmid, in which the 
cDNA was placed between the phaseolin promoter and terminator by AccI site 
(Figure 3-1). Two LRP-cDNA-specific primers，WBLRP5 and WBLRP3, were 
designed, which introduce a Ncol site to the 5' of the cDNA sequence, and a Hindlll 
site to the 3，(Figure 3-2). The 471bp LRP was amplified from pLRP-1 by a 50ul 
PGR mixture containing luM WBLRP5, luM WBLRP3, 0.2uM dNTPs, and lu of 
Tag DNA polymerase (5u/ul). The PGR conditions were: 94"C for 5 minutes，then 
40 cycles of 94�C for Imin, 60�C for Imin and 72�C for 2mins，followed by 1 cycle of 
72"C for lOmins. The target gene was digested by Ncol and Hindlll, purified, and 
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ligated to the pETSOa (+) bacterial expression vector, which contains a T7 promoter 
and terminator cassette, and a 5，purification sequence containing the His-tag, S-tag 
and EK site. 
Positive clones were checked by digestion and DNA sequencing. During 
ABI Pr i sm^ dRhodamine Terminator cycle sequencing, T7 promoter and terminator 
primers were used (Figure 3-2). The construct with the correct sequence was 
transformed into E. coli BL21 DE3，the expression host. 
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LRP471bp 
AccI — ^ AccI 
Phaseolinpro ^ ^ " ^ V ^ ^ P h a s e o l i n t e r 
13kb 1 Ikb 
Hindlll 杆 V V Hindm 
Ncol LRP471bp Hindlll 
5’ b z i z z z z z i z z d 3’ 
\ / 
NcoT H i n d m 
T r? promoter • His-tag — S-tag 17 promoter ， 
叶 PET 30a (+) 1 lad 
Figure 3-2. Construction of LRP expression vector 
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Primers used in cloning: 
Sense primer: WBLRP5 5' GCCATGCCATGGTGTTTTCACATATGAGG 3' 
N c o l 
Hindl l l 
Antisense primer: WBLRP3 5' GCCCAAGCTTTCAATTGTATTCAGGATGGGC 3' 
Primers used in sequencing: 
Sense primer: T7 pro 5' TAATACGACTCACTATAGGG 3' 
Antisense primer: T7ter 5' GCTAGTTATTGCTCAGCGG 3' 











Figure 3-4. The nucleotide sequence of LRP cDNA 
The starting codon and 5，purification tagging sequence from the 




Figure 3-5. The deduced amino acid sequence of LRP cDNA 
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3.3.2.2 Expression of rLRP 
A positive clone was inoculated in 5ml LB and incubated for 16hrs as a 
starter culture. A 100ml LB broth was prepared and 2ml of the starter was added 
into the broth and cultured at 37"C for about 3hrs. IPTG was then added into the 
broth to a final concentration of ImM, and the culture was grown for 3hrs more. 
The culture was centrifuged to recover the pellet of bacterial cells. The cells were 
stored at-80°C. 
3.3.2.3 Purification by gel electrophoresis and gel band elution 
The cell pellet (from 100ml culture) was dissolved in 5ml Ix sample 
loading buffer (Tables 3-3 a, b and c)，mixed and boiled for 15mins. The mixture 
was then centrifuged to remove the cell debris. The purification process was similar 
to that for the native LRP from winged bean (see Section 3.3.1.3), except that in this 
case the gel matrix, electrode buffers and loading buffer contain SDS and 
b-mercaptoethanol (Schagger and Jagow, 1987). The band that was present in 
induced sample (but not in both the control sample that only the pET vector was 
transformed into the E. coli and the un-induced sample) was cut out and eluted. 
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Table 3-3 Composition of the gel layers in denaturing tricine-SDS PAGE 
(a.)  
Components Separating Gel Spacer Gel Stacking Gd 
(16.5%T, 6%C) (10%T, 3%C) (4%T, 3%C) 
Acrylamide Solution 3 ml 1.2 ml 0.25 ml 
(49.5%T，6%C) 
Gel Buffer (3M IWs / HCl，pH 3 ml 2 ml 0.775 ml 
8.45; 0.3% SDS) 
Glycerol 1.2g (0.64ml; Nil Nil 
1.2Smg/inl) 
H20 2.04ml 2.8 ml 2.1 ml 
10% APS SO ul 50 ul SO ul 
TEMED 5 ul 5 ul 5 ul 
Total Volume 9 ml 6 ml 3.125x2 ml 
Note: %T= Total % of acrylamide and bis-acrylamide in solution. 
%C= % of bis-acrylamide in solution. 
(b-)  
Components Cathode Buffer (inner chamber) Anode Buffer (outer chamber) 
IVis base (M) 0.1 0.2 
Tricine (M) ^ m  
pH 8.25 8.9 
SDS (%) ^ m  
(C.)  
Components 2X Native sample buffer 
Glycerol (w/v) 24 % 
Tris base 100 mM 
Bromophenol Blue IVace Amount 
3-inercaptoethanol (v/v) 4% 
SDS (w/v) 8% 
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3.4 Anti-serum production 
Four male rabbits, weighed 31b at the start, were prepared by the Laboratory 
Animal Service Center (CUHK). Two rabbits were injected with native LRP, while 
the other two were injected with denatured one. Denatured LRP was produced by 
addition of denaturing solution (2% p-mercaptoethanol, 4% SDS) and then boiling for 
lOmins. 
For the primary injection, each rabbit receive lOOug of purified LRP 
(Dunbar and Schwoebel, 1990). Each LRP sample was diluted to 500ul by protein 
extraction buffer, and equal amount of Freund's complete adjuvant (Sigma) was added. 
The mixtures were mixed until a milky texture formed. The mixtures were injected 
into the rabbits via subcutaneous method (Harlow and Lane, 1988). Boosts were 
injected each 3 weeks after, with the same amount of LRP as the primary injection but 
using Freund's incomplete adjuvant instead of complete one. 
Blood was collected from the rabbits after the fourth boost of the native 
LRP and the third boost of the denatured LRP. The blood samples were allowed to 
clot for Ihr, and were centrifuged to remove the blood cells. The serums that 
recovered were stored in -20^C. 
To check the titer of the anti-serums, dot blot method was used, in which 
different dilution of the serums were incubated with 0.5ug of LRP that was fixed on a 
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nitrocellulose membrane. The efficiency of binding was displayed according to the 
method described in the AURORA western blot chemiluminescent detection system 
(TCN). 
To determine the specificity of the anti-serums, tricine-SDS PAGE and 
western blot were carried out using the proteins of pi samples (see Section 3.3.1.2) 
from winged bean, wild type and transgenic Arahidopsis (proteins extracted from 
seeds using method similar to Section 3.3.1.1 but in smaller scale) and wild type and 
transformed E. coli. Western blot was carried out by BioRad Trans-blot 
electrophoretic transfer cell, using a modified Dunn's transfer buffer and a 
nitrocellulose membrane (BioRad). The anti-serums were used to detect LRP in 
their optimal dilution. 
3.5 Allergy tests 
3.5.1 Pepsin digestion 
3.5.1.1 Determination of optimal concentration of pepsin 
Porcine pepsin (Sigma) was weighed and dissolved in simulated gastric 
fluid (SGF) (0.03M sodium chloride, hydrochloric acid to pH 1.2) to a final 
concentration of 4ug/ul. The Pepsin solution was serially diluted from Ix to 0.00Ix 
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by SGF. 
Since the unit of pepsin (Sigma) used in the experiment and that in the study 
of Astwood (1996) was different, the pepsin in the experiment was calibrated to have 
the same activity as described in the literature. Bovine Serum Albumin (BSA) was 
digested by the pepsin solutions, to find out which concentration of pepsin would 
produce the same BSA band pattern as described by Astwood, Leach and Fuchs 
(1996). The digestion time was 15s，and other conditions were as the reference (The 
composition of digestion mixture was in a smaller scale; see Table 3-4). The 
digested mixture was quenched by a 3M sodium carbonate solution to a neutral pH， 
and the pattern was investigated by tricine-SDS PAGE (see Section 3.3.2.3). The 
pepsin dilution that agreed with the target result was chosen for the gastric stability 
experiments following on. 
Table 3-4. Composition of pepsin digestion mixture 
Components Amount 
SGF 20.4ul 
Target Protein (lug/ul) 6ul 
Pepsin (0.04ug/ul, lOOX dilution) 6.6ul  
Final ^  
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3.5.1.2 Pepsin digestion of allergenic and non-allergenic model 
proteins 
The stability of allergenic and non-allergenic proteins was compared, so that 
the reliability of the pepsin digestion under the same conditions as specified in 
Section 3.5.1.1 could be determined. BSA and 2S albumin were chosen as the 
allergenic models, while the b-amylase and lipoxidase were the non-allergenic ones. 
Digestion mixtures were prepared according to those in Table 3-4. The 
mixture was shaken at 37^C and the digestion was started when pepsin was added. 
Digestions with different time courses were done, and the reactions were stopped by 
adding quenching solution to neutral pH. Same volume (33ul) of sample loading 
buffer was added to these samples, and tricine-SDS PAGE was carried out to visualize 
the fragment patterns. 
3.5.1.3 Pepsin digestion of LRP and immuno-detection 
The method was the same as that for the model proteins (See Section 
3.5.1.2). Both native and denatured LRP were tested, and the denatured LRP was 
prepared by a lOmins boiling pre-treatment. Samples of LRP (both native and 
denatured) were digested with different time courses, and then the fragments were 
separated by tricine-SDS PAGE. For blotting, nitrocellulose membrane and Dunn's 
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transfer buffer were used. The immuno-detection was carried out by AURORA 
western blot chemiluminescent detection system (ICN). 
3.5.2 Trypsin digestion 
3.5.2.1 Determination of optimal trypsin concentration 
No documents mentioned the relationship between trypsin and the 
digestibility of allergens and non-allergens. Therefore, to optimize the concentration 
of trypsin used, both BSA (allergenic) and lipoxidase (non-allergenic) were used. 
Bovine trypsin (Sigma) was dissolved in the trypsin digestion buffer (0.05M 
Tris, pH 8.0)，to a final concentration of lug/ul. This IX trypsin solution was diluted 
up to lOOOOX for use. The digestion setup was shown in Table 3-5: 
Table 3-5. Composition of trypsin digestion mixture 
Components Amount 
Trypsin digestion buffer 39ul 
Target Protein (lug/ul) 6ul 
Trypsin (various conc.) 5ul  
F i ^ ^  
Digestions were started after different concentrations of trypsin were added 
into the digestion mixtures. The digestion time was 15s，and the reactions were 
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quenched by addition of 2X tricine-SDS PAGE sample loading buffer and subsequent 
boiling for ISmins. The fragment patterns of the samples were visualized by the 
tricine gels. 
3.5.2.2 Trypsin digestion of allergenic and non-allergenic model 
proteins 
P-amylase, lipoxidase, BSA and 2S albumin were digested respectively by 
trypsin for different time courses. The digestion mixtures were setup as described in 
Table 3-5, while the optimal final concentration of trypsin was O.Olug/ul (5ul of 
0. lug/ultrypsin used in each digestion mixture). The samples were again visualized 
by gel electrophoresis, and the results were used to compare to that of LRP, so that 
their stabilities could be compared. 
3.5.2.3 Trypsin digestion of LRP and immuno-detection 
Digestion processes for the LRP were the same as described in Section 
3.5.2.2, and both native and the denatured forms (lOmins boiling pre-treatment) were 
tested. Gel electrophoresis, western blot and immuno-detection (techniques were the 
same as described in Section 3.5.1.3) were carried out to find out the fragment 
patterns. 
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3.5.3 Pepsin and trypsin digestion 
3.5.3.1 Digestions of allergenic model proteins 
The allergenic proteins were digested by pepsin with different time courses 
according to the procedures mentioned in Section 3.5.1.2. The reactions (33ul) were 
quenched (7ul), and subjected to trypsin digestion by addition of 5ul lOdilution of 
trypsin and 5ul H2O. The time for trypsin digestions was 15mins. The reaction 
mixtures were quenched by the addition of 2X sample loading buffer and subsequent 
boiling for 1 Smins. Results were visualized by tricine-PAGE and immuno-detection. 
3.5.3.2 Digestion of LRP 
The procedure mentioned in Section 3.5.3.1 was followed, but using LRP as 
the substrate for pepsin and trypsin. The results were compared to that of allergenic 
and non-allergenic controls. 
3.5.4 IgE binding tests 
Anti-sera obtained from an allergy clinic were used to screen for activity 
against LRP and birch pollen extract by Prof. Chew (National University of 
Singapore). All 218 sera were positive to dust mites allergen, and the male to female 
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ratio was 2.52: 1.00. In the experiment, the samples of BSA, birch pollen extract, 
nLRP and rLRP were dotted onto PVDF membrane strips (2ug/ul). The strips were 
incubated with different sera samples to screen for reactions, the steps were similar to 
those described in Section 
3.6 Physiology studies 
3.6.1 Preparation for the studies 
3.6.1.1 Growing winged bean in the field 
Seeds were cleaned with 70% ethanol for 2mins，and than washed with 
sterile tap water several times. They were placed in a sterile covered beaker with 
sterile tap water filled to 3mm high. The seeds were allowed to germinate (3-7days). 
Ungeminated seeds were pierced by a needle and placed in sterile tap water for a few 
days. The seedlings 1 week old were transferred to pots filled with soil. 
Three-week-old plants were in turn transferred to a field with some ladder-works for 
protection and climbing. 
The plants were then grown and flowers appeared about 3 months after 
germination. Legume pods were found 7-10 days after flowering. Plant 
organs/tissues, which included leaves，stems，roots, flowers，pods and seeds, were 
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collected from different time points. They were temporally stored in liquid nitrogen, 
until total protein and RNA were extracted from them. 
3.6.1.2 Growing winged bean in sterile conditions 
MS-agar, at pH 6.0, was poured into magenta box. The boxes with 
MS-agar were autoclaved. Seeds were sterized in 50% Clorox solution (sodium 
hypochlorite, 5.25%) with 2 drops of Tween 20 (Sigma) added. The seeds were 
shaken for 30mins and were washed by sterile water to remove the remaining bleach 
and Tween 20. The seeds were planted into the boxes and placed in dark at 26^C. 
Light was provided after germination. Total protein and RNA were extracted from 
the plants, by the same procedure as described in Section 3.6.1.1. 
3.6.1.3 Production of LRP-cDNA probe 
The DTG-labeled probe for LRP cDNA was made by DIG DNA labeling kit 
(Boehringer Mannheim), following the recommended procedure that the kit. The 
cDNA of LRP, amplified by PGR, was used as template, while the WBLRP3 primer 
(Figure 3-2) was used to amplify the DIG-labeled probe. 
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3.6.2 Detecting the expression of LRP in winged bean 
To detect the expression of LRP in winged bean plants, plant tissues with 
different maturity were first collected, and their total RNAs were extracted. LRP 
was detected in these RNA samples by RT-PCR and northern blot. Using ABT 
PrismTM dRhodamine Terminator cycle sequencing, the identity of the expressed 
gene was also checked. 
3.6.2.1 RNA extraction 
The method of Prof. Lam (CUHK, Hong Kong) was followed. Plant 
samples were grounded to powder in liquid nitrogen. Each 5g of the powder were 
mixed with 5ml phenol: chloroform: isoamyl alcohol (PCI, 25:24:1) and 5ml of RNA 
extraction buffer (200inM Tris base, 400mM KCl, 200mM Sucrose, 35mM MgCh, 
25mM EGTA, pH 9.0). They were mixed thoroughly and were centrifuged at 8krpm 
for lOmins. The supernatant was extracted once more by PCI, and subsequently 
extracted by chloroform: isoamyl alcohol (24:1) to remove the phenol. The 
supernatant was mixed with 1/10 volume of 3M sodium acetate (pH 5.2) and 2.5 
volume of absolute ethanol to precipitate overnight at -20"C. After centrifugation 
(Hkrpm, 20mins, the pellet was dissolved in 3M sodium acetate (pH 5.6) to 
remove the total DNA. The RNA pellet recovered was mixed with 1ml absolute 
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ethanol and 0.4ml 0.3M sodium acetate (pH 5.6), and placed in —20<)C overnight. 
The mixture was again centrifuged, and the pellet was vacuum-dried. The pellet was 
finally dissolved in DEPC-treated H2O, and the concentration was checked by 
measuring absorbance at 260mn. 
3.6.2.2 RT-PCR and DNA sequencing 
For each total RNA sample, lug RNA was digested by lu DNase for 
15mins to remove the DNA inside the sample. The enzyme was inactivated by lul 
20mM EDTA and heating at 65®C for lOmins. Half of the amount of RNA (0.5ug) 
was added to 0, lug of the 3，primer WBLRP3, and was mixed to anneal each other at 
65^C for 5mins. Reverse transcription (first strand synthesis) was then performed 
by addition of the followings: lul lOmN dNTPs, 40u rRNAsin (40u/ul), 2ul lOOmM 
DTT，2ul 5X M-MLV buffer，and 200u MMLV reverse transcriptase (200u/ul). The 
mixture was placed at 42^C for an hour. Second strand synthesis was preformed 
using the PCR conditions as mentioned in Section 3.3.2.1. The presence of 
amplified LRP cDNA(471bp) was visualized by DNA electrophoresis. 
The product of RT-PCR was purified and subjected to ABI Prism™ 
dRhodamine Terminator cycle sequencing. WBLRP5 and WBLRP3 primers were 
used (Figure 3-2). 
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3.6.2.3 RNA electrophoresis and northern blot analysis 
For each sample, 3ug total RNA was separated by the formaldehyde 
denaturing agarose gel (1% agarose, IX MOPS, 3% formaldehyde) following the 
protocol as described by Lehrach (1977). For northern blot analysis, lOX SSC was 
used as the transfer buffer, and the RNA was blotted from the gel to a positively 
charged nylon membrane (Roche) by capillary method. The LRP itlRNA was 
detected in the samples by hybridization with the LRP probe (50^ t ) as mentioned in 
Section 3.6.1.3, and was visualized by using the DIG Nucleic Acid Detection Kit 
(Boehringer Mannheim). 
3.6.2.4 Protein extraction 
The procedure was the same as that in Section 3.3.1.1. Different tissues 
were treated with liquid nitrogen, and ground, and their total protein extracted by 
protein extraction buffer. BCA method was performed in quantitation of these 
samples. 
3.6.2 J Western blot and immuno-detection 
Tricine-SDS PAGE was used to separate proteins in the gel (see Section 
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3.3.2.3 and Tables 3-3a, b and c). For western blot and immuno-detection, BioRad 
Trans-blot electrophoretic transfer cell and AURORA western blot chemiluminescent 
detection system were used, respectively, and the LRP-specific antiserum was applied 
to detect the LRP in winged bean plant tissues. 
3.6J Expression of LRP in germinating winged bean seeds 
3.6.3.1 Seed germination 
The winged bean seeds were sterilized using the same method as described 
in Section 3.6.1.2. The sterile seeds were placed in autoclaved tap water inside 
sterile magenta boxes and placed at l ( P c in the dark. Genninated seeds were 
selected and grouped according to their ages. Seeds from 0 to 7 days after 
germination (DAG) were obtained and total protein was extracted from them and 
quantitated (see Section 3.3.1.1). 
3.6.3.2 Detection of LRP in germinating seeds 
Total protein samples of the germinating seeds from 0 to 7 days after 
germination (DAG) were separated by tricine gel and LRP was detected in each 
sampJe using the LRP-specific antiserum. The method used was as the same as 
described in Section 3.6.2.5. 
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3.6.4 RNase activity test 
RNase activity of LRP was proved by 2 methods: RNA digestion followed 
by RNA electrophoresis, and activity assay in tricine SDS-PAGE. 
Tn the first method, RNase activity of LRP was examined by the sign of any 
degradation of the RNA samples that were mixed and incubated with purified native 
LRP. To setup the digestion, 2ug of the proteins was added to 2ug of either total 
RNA from winged bean or viral RNA (BMV from Promega). After 3-6hrs, RNA 
was purified from the LRP proteins by PCT precipitation. The RNA was loaded into 
the formaldehyde RNA gel (Section 3.6.2.3). 
To confirm that LRP was the major factor that digest and degrade the RNA, 
a RNase activity Tricine SDS-PAGE was used (modified from Bantignies et. al.， 
2000). A tricine SDS-PAGE gel was made according to Table 3.3a, b and c, with the 
addition of torula yeast RNA into the spacer and separation gel (a final conc. of 
2.4mg/ml). The protein samples were mixed in an incomplete sample-loading buffer, 
in which the 2-mercaptoethanol was omitted. The samples were loaded into the gel 
without heating. After 2hrs, the gel was removed from the BioRad gel kit, and was 
washed in 25% aqueous isopropanol 2 times for ISmins to remove SDS in the gel. 
The gel was subsequently washed in DEPC-treated H2O for two times for ISmins to 
remove isopropanol. The gel was then incubated in 0.1 M Tris (pH 7.0) for 5hrs, and 
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then stained in toluidine solution (0.2% toluidine in 0.0IM Tris-HCl, pH 7.0) for 





4.1 Purification of LRP 
4.1.1 Purification from winged bean 
4.1.1.1 Identification of pi point of LRP 
About 50g of winged bean seeds was used in each purification. Seeds 
were pulverized by the coffee maker and the proteins were extracted in 100-150ml 
protein extraction buffer. The protein solution was then subjected to differential pi 
precipitation with the following pH points: 6.0, 5.8，5.6, 5.4, 5.2，5.0,4.8,4.6,4.4, 4.2， 
and 4.0. The protein precipitates were collected by centrifugation. The different pT 
samples were quantitated by BCA method 
Both denaturing and native Tricine PAGE were carried out to analyze the 
protein samples (Figures 4-1 and 4-2). Protein bands with similar size of LRP were 
found in the samples of pH 4.2-4.4, in both native and denaturing gels. By western 
blot technique, the putative LRP band from the native and denaturing gels were 
excised from other pl-precipitated proteins and subjected to amino acid sequencing. 
Fifteen amino acids were obtained from a.a. sequencing for both samples and were 
found to be the same as those deduced from the LRP cDNA (Figure 4.3). 
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5.0 4.8 4.6 4.4 4.2 4.0 pH. 
Differential pH precipitation 
Figure 4-1. Winged bean proteins differentially precipitated by decreasing 
pU and separated by denaturing tricine PAGE 
The band shown in the red box was accumulated at pi 4.4-4.2 and 
selected for amino acid sequencing. 
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Figure 4-2. Separation of pi precipitated proteins by native tricine PAGE 
The band shown in the red box was accumulated at pi 4.4-4.2, 
similar to that in denaturing gel. The band in the red box was 
selected for amino acid sequencing. 
LRP： GVFTYEDETTSPVAP 
Native band: GVFTYEDETT 
Denatured Band: GVFTYEDETTSPVAP 
Figure 4-3. N-terminal amino acid sequence of the ISkDa protein band 
The first 15 amino acids of the putative LRP proteins were 
sequenced. 
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4.1.1.2 Native tricine PAGE and gel elution 
In the preparation of native LRP, native tricine PAGE was used. The gel 
comb used was a 1-well comb, and 0.5ml of the pT-purified protein (pT 4.4 and 4.2) 
was loaded into each gel. After elution and subsequent concentration, the purified 
LRP was quantitated (Figure 4-4). The yield of native LRP was 100-500ug per 
50mg of pT protein loaded into the gel. 
^ ^ ^ ^ ^ ^ ^ i m ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
M.M B B ^ ^ ^ ^ P W 
40kDa P P W 
30kDa I m m I 
赢 _ L 贴 
，• •  AHHt ^^^^^ 
15kDa U M i 
lOkDa ( M m 
1 2 3 4 5 6 7 
Figure 4-4. Analysis and quantification of the eluted native LRP 
After native gel elution, the LRP was analyzed and quantified by 
comparing with BSA. (Lanel: Gibco Benchmark protein ladder; 2-5: 
BSA at amount of 2ug, 4ug, 6ug and 8ug, respectively; 6-7: native 
LRP eluted, at amount of 2ul and 4ul, respectively) 
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4.1.2 Purification from E, coli 
4.1.2.1 Construction of pET-LRP vector 
LRP was successfully amplified by PGR using sequence-specific primers 
WBLRP5 and WBLRP3 (Figure 4-5a). The PCR product was digested by NcoT 
and Hindlll, to generate 5' and 3, sticky ends, respectively (Figure 4-5b). The 
fragment was successfully ligated to the pET vector, and transformed into E. coli 
DH5a. The bacteria are selected from the kanamycin LB plate. The plasmids from 
the growing bacteria were extracted, and positive clones were confirmed by digestion, 
PCR screening and DNA sequencing. All 5 clones selected for digestion showed a 
470bp band (Figure 4-6a), and clone 3, 4 and 5 picked for DNA sequencing had the 
sequences identica� to the LRP cDNA. Clone 4 was chosen to transform into E. coli 
BL21 DE3, and the presence of the LRP cDNA in pET vector of the new host was 
confirmed by digestion. There were 4 out of 6 clones showing positive results 
(Figure 4-6b), and clone 6 was selected for protein expression. 
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Figure 4-5. The preparation of pET vector and LRP insert 
In (a), LRP was amplified by PCR using WBLRP5 and WBLRP3, 
and purified by gel elution; (b) pET vector was cut by Ncol and 
HindTTT, following by purification using gel elution. 
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Figure 4-6. Confirmation of chimeric gene construction 
(a). Plasmid DNA was isolated from 5 clones and all proven positive 
by restriction enzyme digestion (Ncol and HindTTI); (b). Clone 4 
from (a) was transformed into BL21 DE3 host, and 6 clones were 
checked for presence of LRP gene. Clone 4.2，4.3, 4.4 and 4.6 
were positive, while clone 4.6 were chosen for expression. 
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4.12,1 Expression of rLRP and gel purification 
The bacteria containing clone 6 of pET-LRP-12 was used in the expression. 
Bacterial culture of every SOmins after induction was collected by centrifugation and 
re-dissolved in Ix protein sample loading buffer. The samples were loaded onto 
tricine SDS-PAGE gel to analyze the expression level. The rLRP was expressed as a 
dominant band, at a size of 22-23kDa, corresponding to the deduced size of its cDNA 
sequence. The expression level after induction reached a maximum after 1.5hrs, and 
remained a similar level after 3hrs (Figure 4-7a). 
The putative protein band was further analyzed, by checking the presence of 
his-tag in the protein (Figure 4-7b). The gel was blotted on a PVDF membrane, and 
then the membrane was reacted to anti-his-tag antibodies. The result showed that a 
single protein band containing his-tag was accumulated with increasing induction 
time. The size of the band on the membrane was confirmed to be the size of the 
induced protein. 
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Figure 4-7. Induction of LRP production in E. coli 
(a). Total protein samples from E. coli after addition of TPTG. (M: 
sigma protein marker; -ve: E. coli BL21 DE3; un: BL21 with 
transgene but no IPTG; 0.5-3hrs: Transgenic E. coli induced for 0.5 
to 3hrs) (b). Western blot and immuno-detection of the same protein 
samples by anti-his antibody 
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Recombinant LRP was prepared in large scale by gel elution and subsequent 
concentration, using denaturing tricine SDS-PAGE. E. coli cell culture was lysed by 
PAGE sample loading buffer and heating，and the cell debris was removed by 
centrifugation. The yield of recombinant LRP was about 600-1000ug per 8ml lysed 
E. coli culture loaded onto the gel (Figure 4-8). 
_ rLRP 
Figure 4-8. Large-scale preparation of recombinant LRP 
Recombinant LRP was recovered from gel elution and loaded into 
tricine SDS-PAGE to check the purity. 
4.2 Antiserum production 
A primary and four boosts were injected into the two rabbits using native 
LRP, while the denatured LRP was injected into another two rabbits with a primary 
treatment and three boosts. The rabbits injected by denatured LRP had inflammation 
after the boost, but recovered and were injected the boost after 5 weeks. 
The blood was collected from the rabbits by direct heart puncture. The 
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anti-serum collected from each rabbit was about 45ml. The titers of the anti-sera 
were checked using dot-blot (Figure 4-9). 
Rabbit 1:5000 1:10000 1:20000 
Dilution 
Figure 4-9. Titering the anti-native LRP anti-sera 
The 4 anti-sera were diluted to different concentration and incubated 
with membrane dotted with native LRP (0.5ug/dot). Rabbit 1& 2 
was injected with native LRP, while rabbit 3 & 4，denatured. 
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The results of dot-blot showed that anti-serum from rabbit 1 had the 
strongest signal against LRP. Among the anti-sera that were generated from 
denatured LRP, the serum from rabbit 4 had a stronger signal than that of rabbit 3. 
The optimal dilution of the anti-sera were summarized as follows: 






To determine the specificity of the anti-sera, anti-serum from rabbit � 
(native) was chosen to incubate with the membrane containing total proteins from 
winged bean, Arabidopsis and E. coli (see Section 3.4). From the results as shown 
by the anti-serum detection blot (Figure 4-10), winged bean proteins from various pi 
precipitations showed only a single band in each lane, with increasing signal from pH 
5.0 to 4.2，and dropping at 4.0. This observation is similar to the protein patterns 
observed in tricine SDS-PAGE of pl-precipitated proteins. For wild type and 
LRP-transgenic Arabidopsis, a single band signal was found in transgenic samples, 
and no signal was found in the wild type sample. Between the two E. coli total 
protein extracts, the transgenic one showed a dominant thick band when comparing to 
78 
the result of the non-transgenic one. The size of the extra band was higher than the 
native one, but corresponding to the expected size of the recombinant form of LRP. 
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Figure 4-10. Specificity of the antiserum 
Protein samples from winged bean, Arabidopsis and E. coli were 
separated by tricine SDS-PAGE (a) and then were detected by the 
serum from rabbit 1 (b). (Lanes 1-6: pi precipitated proteins at pH 
5.0, 4.8, 4.6，4.4，4.2 and 4.0; 7: wild type Arabidopsis total protein; 
8: total protein from Arabidopsis with LRP transgene; 9: E. coli 
BL21 total protein; 10: total protein from BL21 with LRP transgene) 
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4.3 Allergy tests 
4.3.1 Pepsin digestion 
Using BSA as standard, the pepsin solution was calibrated to have the same 
units as those described in the reference. As shown in Figure 4-11, while the 
amount of pepsin protein (~35kDa) was serially decreased, the BSA band (~60-70kDa) 
started to appear at a pepsin dilution of 500X (0.008ug/ul). At this concentration, 
the BSA showed a protein stability of 15s (Figure 4-11), which is similar to that 
described in the study of Astwood et. al. (1996). Therefore, this concentration of 
pepsin was then chosen for subsequent experiments (6ug protein vs. 0.264ug pepsin in 
a 33ul reaction mixture). 
The results of simulated gastric digestion of different proteins were shown 
in Figure 4-12 to Figure 4-15，and summarized in Table 4-2. The two 
non-allergenic controls, P-amylase and lipoxidase, were digested by pepsin easily 
within 15s (Figure 4-12). Both proteins disappeared completely within 30s，and 
could not be seen in the tricine SDS-PAGE. The gastric stability of the 
non-allergenic proteins was shown to be the same as that described by Astwood et. al. 
(1996). Extra bands were found in these samples in the gel, and these were mostly 
likely contaminating proteins in the purchased stocks. 
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In this test, two proteins, BSA and 2S albumin, were used as allergenic 
controls. Upon pepsin digestion，the intact protein of the weak allergen, BSA, was 
digested within 15s，and most of their fragments disappeared after 15mins (Figure 
4-13). The results coincided with those of Astwood et. al. (1996). Brazil nut 2S 
albumin, which has a record of causing severe allergic reactions but was not been 
used in the experiments of Astwood et. al. (1996), showed high stability under the 
simulated gastric digestion (Figure 4-13). The large subunit of the protein (9kDa) 
remained as a single band even after Ihr of incubation with pepsin. 
For the native and denatured LRP samples tested, the 18kDa LRP band 
diminished after 30s digestion, and their partially digested fragments disappeared at 
the 15mins time point in both cases, leaving very few amount of fragments visualized 
on the gels (Figures 4-14 and 4-15). This showed that majority of the LRP and the 
fragments were digested within 15mins. The results from western blot and 
immuno-detection also showed that the stability of denatured LRP in simulated gastric 
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Figure 4-11. Calibration of pepsin activity 
BSA (~65kDa) was digested by pepsin at different concentration. 
The time used was 15s, and BSA per lane is 6ug/ul. The pepsin 
used in IX was 4ug/ul (in 33ul digestion mixture), and was 
subsequently diluted to 1500X (0.67ng/ul). 
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Figure 4-12. Simulated gastric digestion of non-allergenic control proteins 
(3-amylase (~52kDa) and lipoxidase (~95kDa) were subjected to 
pepsin digestions with different time courses. Protein added is 
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BSA 2S albumin 
Digestion time courses 
Figure 4-13. Simulated gastric digestion of allergenic control proteins 
BSA (~65kDa) and Brazil nut 2S albumin (~9kDa) were subjected to 
pepsin digestion at different time courses. Protein added was 
6ug/lane, while enzyme added was 0.008ug/ul (0.27ug per lane). 
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Figure 4-14. Simulated gastric digestion of native LRP 
Native LRP (17kDa) was subjected to pepsin digestion at different 
time courses. Protein added was 6ug/lane, while enzyme added 
was 0.008ug/uJ (0,27ug per lane). The gel was aJso blotted for 
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Figure 4-15. Simulated gastric digestion of denatured LRP 
Heat-denatured LRP (ITkDa) was subjected to pepsin digestion at 
different time courses. Protein added was 6ug/lane, while enzyme 
added was 0.008ug/ul (0.27ug per lane). The gel was also blotted 
for immuno-detection of LRP. 
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Table 4-2. Summary on simulated gastric digestion 
Protein tested Protein stability (min) Fragment stability (min) 
P-amylase <0.25 Not available 
Lipoxidase <0.25 Not available 
BSA 0.5 <15 
2S albumin >60 Not available 
LRP 1 <15 
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4.3.2 Trypsin digestion 
For trypsin digestion, six time points were used: Os，30s, Imin, 15mins, 
30mins and 60mins. 
The allergenic protein BSA and the non-allergenic lipoxidase standards 
were used to determine the working concentration of trypsin. The results in Figure 
4-16 showed that both proteins were partially digested after 15s of trypsin incubation, 
when the trypsin concentration was 0.0lug/ul (lOx dilution). The effect of trypsin 
was too low below this concentration，and too high over this concentration. 
The two non-allergenic proteins, p-amylase and lipoxidase, showed some 
degree of stability against the trypsin digestion. In contrast to their banding patterns 
in pepsin digestion (disappeared within 15-30s)，major fragments were visualized in 
the gel after Imin trypsin digestion (Figure 4-17). The band representing P-amylase 
and lipoxidase could be seen on the gel even after 30mins. 
Brazil nut 2S albumin and BSA，the allergenic controls, started to be 
digested in the first 30s (Figure 4-18). Their major fragments diminished quickly, 
and completely disappeared after ISmins. Their stability against trypsin digestions 
was much lower than that in pepsin digestion. 
Native and denatured states of LRP were also digested in trypsin solution, to 
estimate the stability of LRP in duodenum. The patterns of stability of the LRP, in 
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both native and denatured states were similar to those of simulated gastric digestion 
(Figures 4-19 and 4-20). Major fragments of LRP diminished starting from the 30s 
time point, and were nearly disappeared after SOmins. The stability of LRP against 
trypsin was shown to be slightly higher than that in pepsin digestion. This was 
illustrated by the western blot results, in which more proteins were left in trypsin 
digestion after 1 Smins. However，the protein fragments that were visualized in the 
gel of pepsin digestion did not appear in the cases of trypsin digestions. Denatured 
LRP was more susceptible to trypsin digestion than the native one, illustrated by the 
fewer amount of protein left after 15mins of digestion. This finding was similar to 
that in pepsin digestion. 
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Figure 4-16. Optimization of trypsin concentration 
(a.) BSA (�65kDa) and (b.) lipoxidase (~95kDa) were digested by 
trypsin at different concentration (dilution factors). The time used 
was 30s, and substrate per lane was 6ug/ul. The trypsin used in IX 
was O.lug/ul (inside 50ul digestion mixture), and was subsequently 
diluted to lOOOOX (O.Olng/ul). lOX dilution was chosen for further 
experiments since both proteins were partially digested in this conc. 
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Figure 4-17. Non-allergenic controls under trypsin digestion 
(a.) p-amylase (~52kDa) and (b.) lipoxidase (~95kDa) were 
subjected to trypsin digestion at different time courses. Protein 
added was 6ug/Iane, while enzyme added was O.Olug/ul (0.5ug per 
lane). 
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Figure 4-18. Allergenic controls under trypsin digestion 
(a.) BSA (~65kDa) and (b.) Brazil nut 2S albumin (�9kDa) were 
subjected to trypsin digestion at different time courses. Protein 
added was 6ug/lane, while enzyme added was O.Olug/ul (0.5ug per 
lane). 
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Figure 4-19. Native LRP under trypsin digestion 
Native LRP (17kDa) was subjected to trypsin digestion at different 
time courses. Protein added was 6ug/lane, while enzyme added 
was O.Olug/ul (0.5ug per lane). The gel was also blotted for 
immuno-detection of LRP. 
94 
M.M Gel electrophoresis 
. . . 。 ： ^ ^ ^ ^ 
f ；'' Trypsin 
VoicDa) 
, L R P 
(17kDa) 
I ^ ^ ^ ^ ^ ^ ^ ^ ^ H ^ . : ， . ‘ 
Os 30s 60s ISmin 30min 60niin 
Digestion time courses 
^ B M I m i i m i m b i ^ 一. 
Western/ immuno-detection 
Figure 4-20. Denatured LRP under trypsin digestion 
Heat-denatured LRP (17kDa) was subjected to trypsin digestion at 
different time courses. Protein added was 6ug/lane, while enzyme 
added was O.Olug/ul (0.5ug per lane). The gel was also blotted for 
immuno-detection of LRP. 
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4.3.3 Pepsin and trypsin digestion 
The two allergenic controls were first digested by pepsin with different time 
courses (Omin, Imin, 5mins，15mins), and then subjected to trypsin digestion for Imin. 
The results of pepsin digestion coincided with those mentioned in Section 4.3.1. 
BSA was partially digested and 2S albumin was completely resistant. Nevertheless, 
after Imin trypsin digestion, the remaining two proteins and their fragments were 
fewer and less sensitive, indicating that the combination of these two enzymes are 
more effective in digestion of different proteins than either enzyme. 
In the combined digestion of LRP, four time points were used in pepsin 
digestion (Omin, Imin, 5mins, ISmins) and two time points were used in the 
subsequent trypsin digestion (Imin and 15mins). BSA and 2S albumin were used as 
positive controls (Figure 4-21 and 4-22). 
The digestion pattern of native LRP by pepsin (Figure 4-23 and 4-24) was 
similar to that described in Section 4.3.1. The major protein band diminished and 
subsequently disappeared from the gel after 15mins, and very few amounts when 
detected by antibodies. Fragments were also found in samples between Imin to 
15mins time points by electrophoresis as well as western blot. With the subsequent 
digestion by trypsin (Imin and 15 min，respectively), the major protein bands of each 
sample became fewer. Fragments appeared in the pepsin digested samples were 
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quickly cleared by trypsin within Imin. Following the pepsin digestion, a 
subsequent ISmins trypsin digestion was more effective in clearing of LRP, than a 
Imin trypsin digestion. This was illustrated in Figure 4-24, in which the LRP left 
after 15mins trypsin digestion was fewer than that after Imin trypsin digestion. 
The combined digestions of denatured LRP were also carried out (Figure 
4-25 and 4-26). The digestion patterns were similar to that of native proteins. The 
protein was digested more easily by the addition of trypsin after pepsin，and more 
complete when the time of trypsin digestion was prolonged from Imin to ISmins. 
Finally, the denatured LRP was more completely digested, when compared to the 
results of the native LRP. Denatured LRP could be digested completely (even from 
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Figure 4-21. BSA under the digestion of pepsin and then trypsin 
BSA (~65kDa) was subjected to pepsin (Omin, Imin and 5min) and 
subsequent trypsin digestions (Imin). Protein added was 6ug/lane, 
while enzymes added were: pepsin~0.008ug/ul (0.27ug per lane); 
trypsin~0.01ug/ul (0.5ug per lane). 
98 
霧漏讀 
Os Imin 5min Os Imin Smin 
^ V  
Subsequent trypsin 
digestion Imin 
Digestion time courses 
Figure 4-22. Brazil nut 2S albumin under the digestion of pepsin and then 
trypsin 
2S albumin (~9kDa) was subjected to pepsin (Omin, Imin and Smin) 
and subsequent trypsin digestions (Imin). Protein added was 
6ug/Iane, while enzymes added were: pepsin—0.008ug/ul (0.27ug 
per lane); trypsin—0.0lug/ul (0.5ugper lane). 
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Figure 4-23. Electrophoresis of the combined digestion mixtures of native 
LRP 
LRP (17kDa) was subjected to pepsin (Omin, Imin and Smin) and 
subsequent trypsin digestion (Imin). Protein added was 6ug/lane, 
while enzymes added were: pepsin~0.008ug/ul (0.27ug per lane); 
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Figure 4-24. Immuno-detection of the combined digestion mixtures of native 
LRP 
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Figure 4-25. Electrophoresis of the combined digestion mixtures of 
heat-denatured LRP 
Heat-denatured LRP (17kDa) was subjected to pepsin (Omin, Imin 
and 5min) and subsequent trypsin digestion (Imin). Protein added 
was 6ug/lane, while enzymes added were: pepsin~0.008ug/ul 
(0.27ug per lane); trypsin~0.01ug/ul (0.5ug per lane). 
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Figure 4-26. Immuno-detection result of the combined digestion mixtures of 
heat-denatured LRP 
The digestion conditions were the same as described in Fig. 4.24, 
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Among the 218 human sera tested, 
eight reacted to the birch pollen extract and 3 
yield signals with different intensity. Only 4 
one (#6) serum sample showed weak ^ 
association to native LRP, and none of them 峡 # 
6 鋒 # 







1 2 3 4 Lane 
Figure 4-27. IgE dot blot analysis of recombinant and native LRPs 
The eight sera with positive specific IgE response to Betula 
verrucosa pollen extracts were shown in lane 2. Sera numbered -A 
and -B were Betula verrucosa pollen negative sera. (Lanes 1，BSA, 
lane 2, crude Betula verrucosa total protein extract; lane 3, 
recombinant LRP; and lane 4，native LRP. All proteins were 
loaded onto the PVDF membrane at 2 ug/dot. 
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4.4 Physiological studies 
4.4.1 Samples preparation 
Total protein and total RNA were extracted from winged bean leaf, stem, 
root, flower, maturing pod and maturing seed. Total protein sample was also 
extracted from germinating seed. The samples were as follows: 
Table 4-3. Samples prepared for physiological studies 
Tissues Total RNA Total Protein 
Somatic tissues DAG: 27, 50, 70, 120, 150 DAG: 27，50，70，120, 150 
(leaf, stem and root) 
Flowers DBF: 10, 5 DBF: 10, 5 
DAF: 0，2 DAF: 0, 2 
Maturing Pods and seeds DAF: 25，30, 35，40，45 DAF: 25, 30, 35’ 40，45，50’ 
^  
Germinating seeds Nil DAG: 0-7 
Sterile seedlings (used in DAG: 20 Nil 
RT-PCR only)  
Non-sterile seedlings (used DAG: 12, 20 Nil 
in RT-PCR only)  
( D A G = Day after germination 
DBF = Day before flowering 
DAF= Day after flowering ) 
4.4.2 RT-PCR and DNA sequencing 
Six samples were used to test the presence of LRP transcript in various 
organs and developmental stages by RT-PCR. They included the young seedlings 
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from sterile and wild growth conditions, and root, stem and leaf tissues from a young 
winged bean plant of 27 DAG. 
A cDNA was generated by RT-PCR amplification for each of the samples 
tested (Figure 4-28). They all were showed to have a size corresponding to that of 
the LRP cDNA (~470bp). However, there were some minor non-specific bands and 
smears appearing in each sample. To confirm the identity of the amplified product, 
the putative LRP cDNA bands of the 27 DAG leaf, stem and root samples were 
purified from the gel and subjected to DNA sequencing. 
The results of sequencing (Figure 4-29) indicated that the last 440bp of the 
two samples were completely identical to the LRP cDNA (data not shown). Due to 
the abundant noise in the sequencing samples using the WBLRP5 5’ primer，about 
30bp of the 5’ end in each sample could not be determined. 
From the RT-PCR and DNA sequencing results (Figures 4-28 and 4-29), 
LRP gene was expressed not only in somatic tissues that were collected from the open 
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Figure 4-28. RT-PCR identification of LRP transcript in WB RNA samples 
RT-PCR was carried out using various RNA samples (Lane 1, 20 
DAG sterile seedling; lane 2, 12 DAG wild seedling; lane 3, 20 
DAG wild seedling; 4，27DAG leaf; 5，27 DAG stem; 6，27 DAG 
root). No DNA contamination was found on each sample. 
LRP cDNA I ' M l , 
— I 
LeafcDNA | i M ’ 丄 i i � J M W ^ ^ | P , 
Stem cDNA [ S H I  
RootcDNA m i . : i l H B | { ! l l i 麵 
Figure 4-29. DNA sequencing analysis of RT-PCR products 
RT-PCR products from 27 DAG leaf, stem and root were subjected to 
DNA sequencing. About 440bp 3' end sequences of the 3 samples 
were completely identical to that of the LRP cDNA. 
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4.4.3 Expression profile of WBLRP in winged bean somatic 
organs 
The developmental stages of somatic organs used in the studies included 27 
DAG, 50 DAQ 70 DAG, 120 DAG and 150 DAG, and the organs included leaf, stem 
and root. 
Using northern blot analysis, positive signal of LRP was detected in all the 
somatic samples at different time points, indicating that the LRP gene was expressed, 
at least at the mRNA level, in leaf, stem and root constitutively (Figure 4-30). In 
addition, the expression was most abundant in root, and less in the stem and root. 
The expression of LRP at the mRNA level was higher in younger roots than 
the older ones, and the results showed a down-regulated pattern of expression during 
root growth and development. Oppositely, the expression in older stem and leaf 
parts was higher than in younger ones, showing that the expression of LRP in stem 
and leaf of the winged bean plant was up-regulated during development. The 
expression of LRP in leaf and stem at very advanced developmental stage (150 DAG), 
however, was significantly lower. 
At translational level, as shown by the western blot analysis, (Figure 4-31), 
LRP expression pattern was found, in general, similar to that at the mRNA level. 
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Figure 4-30. Expression profile of LRP in somatic organs at mRNA level 
Total RNA samples from leaf, stem and root of WB plant at different 
developmental stages were used to study the expression of LRP. 
Results of formaldehyde gel electrophoresis were shown in (a), and 
of northern blot were in (b). Each lane contained 3ug total RNA. 
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Figure 4-31. Expression profile of LRP in somatic tissues at protein level 
Total protein samples from leaf, stem and root of WB plant at 
different developmental stages were used to study the expression of 
LRP. Each lane contained 50ug total protein. 
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4.4.3 Expression profile of WBLRP in winged bean somatic 
There were 4 samples of flower，i.e. lODBF, 5DBF, ODAF and 2DAF. 
When northern blot was carried out using 3ug of total RNA from these samples (the 
same analysis conditions as in other organs), no signal of LRP expression was 
detected (Figure 4-32b). An increased amount (lOug) of total RNA and prolonged 
exposure of the film with the nylon membrane yielded weak signals (Figure 4-32c), 
indicating that the expression of LRP in flower organ of winged bean was constitutive, 
but the expression level was much lower than in other plant parts. 
Northern blot results also showed that the expression of LRP in immature 
flower organs (lODBF and 5DBF) was relatively lower, and subsequently increased 
when the flower organs became mature (ODAF and 2DAF) (Figure 4-32c). 
Using the total protein samples from the flower organs, western blot was 
carried out (Figure 4-33). The expression level of LRP at protein level was lower in 
the immature flowers (lODBF and 5DBF), and was higher in the mature flowers 
(ODAF and 2DAF). This finding coincided with the results of northern blot, which 
suggest that LRP is expressed stably at both the transcriptional and translational levels 
in flower organs, and the level increases when the flowers become mature. 
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Figure 4-32. Expression profile of LRP in flower organ at mRNA level 
Total RNA samples from WB flowers at different developmental 
stages were used to study the expression of LRP. Results of 
formaldehyde gel electrophoresis were shown in (a), and of northern 
blot was in (b) and (c). In (a) and (b), each lane contained 3ug total 
RNA, and lOug RNA per lane was used in (c). 
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Figure 4-33. Expression profile of LRP in flower organ at protein level 
Total protein samples from WB flower at different developmental 
stages were used to study the expression of LRP. Each lane 
contained 50ug total protein. Mature flowers contain more LRP 
than the immature ones. 
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4.4.3 Expression profile of WBLRP in winged bean s o m a t i c 
seeds 
By northern and western blot analysis, LRP was found to express in both 
the maturing pod and seeds of the winged bean (Figures 4-34 and 4-35). In addition, 
the expression was developmentally regulated. In the pod, from 25DAF to 45DAF, 
the mRNA level of the LRP gene was observed to decrease. However, at protein 
level, LRP continued to accumulate in the pod from 25DAF to 40DAF. The levels 
of both LRP mRNA and protein were seen to decrease more obviously at the last 
maturation stage (45DAF) studied. 
In maturing seeds, the mRNA expression level of LRP, as shown by 
northern blot, was low at 25DAF. The level subsequently increased and reached a 
maximum at 40DAF, and then dropped from here on towards 60DAF. At protein 
level，however, the LRP in the maturing seeds showed a pattern of continuous 
accumulation, reaching the highest level at the last maturation stage (60DAF) studied. 
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Figure 4-34. Expression profile of LRP in maturing pods and seeds at mRNA 
level 
Total RNA samples from WB maturing pods and seeds in different 
developmental stages were used to study the expression of LRP. 
Results of formaldehyde gel was in (a), and that for northern blot 
was in (b). In (a) and (b), each lane contained 3ug total RNA. 
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Figure 4-35. Expression profile of LRP in maturing pods and seeds at protein 
level 
Total protein samples from WB maturing pods and seeds at different 
developmental stages were used to study the expression of LRP by 
western blot. In (a) and (b), each lane contained 50ug total protein. 
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4.4.3 Expression profile of WBLRP in winged bean somatic 
germinating seeds 
Total protein was extracted from seedling and cotyledon tissues of 
geminating seeds, from 1 to 7 DAG (Figure 4-36). The presence of LRP in these 
samples was detected by western blot and immuno-detection (Figures 4-37 and 4-38) 
The level of LRP was slightly lower in the non-germinating seedlings (0 
DAG)，as indicated by a weaker band (Figure 4-37). The protein level, however, 
remained high and constant throughout germination (1 to 7 DAG). 
In cotyledon, the level of LRP decreased slightly on IDAG, and then 
remained steady throughout germination (1 to 7 DAG, Figure 4-38). 
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Figure 4-36. Germinating seeds at different stages 
Germinating seeds from different days (1-7) after germination were 
collected to extract protein. The seeds were grown in sterile tap 
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Figure 4-37. Detection of LRP in the total protein samples from seedlings of 
germinating winged bean seeds 
Total protein samples from WB germinating seedlings at different 
developmental stages were used to study the expression of LRP by 
western blot. Each lane contained 50ug total protein. 
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Figure 4-38. Detection of LRP in the total protein samples from cotyledons of 
germinating winged bean seeds 
Total protein samples from WB germinating cotyledons at different 
developmental stages were used to study the expression of LRP by 
western blot. Each lane contained 50ug total proteins. 
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4.4.7 Functional assay of LRP 
The RNase activity of LRP was assayed by two methods: RNA gel and 
tricine SDS-PAGE. 
Results from RNA gel assay showed that the native LRP could digest RNA 
samples from winged bean root (27 DAG), virus and rice (Figure 4-39). The 
potential activity of LRP was not strong, since the RNA samples were not completely 
digested even after 5hrs in the presence of large amount of LRP (2ug with the same 
amount of RNA). The filtrate generated from the purification and concentration of 
LRP was used in this digestion as a control, which showed non-significant activity in 
degrading rice RNA. In comparison, viral RNA was more easily degraded by LRP 
than plant RNA samples. 
Using torula yeast RNA incorporated in the gel as substrate, the RNase 
activity of the protein from different sources was assayed by tricine SDS-PAGE 
(Figure 4-40). These protein samples included both native and recombinant LRP, 
BSA, 2S albumin and RNase (as positive control). Although the proteins were 
clearly visualized in the control gel stained by Coomassie Blue, only the sample of 
native LRP and RNase each showed a RNA clearing band on the activity gel. The 
size of the clear bands for the native LRP and RNase were the same as that in the 
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control gel. RNase appeared as a very intensive clear band with strong tailing on the 
activity gel, indicating the strong activity of the RNase even at 5ng concentration. 
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Figure 4-39. RNase activity of the purified native LRP 
The native LRP and its filtrate (generated from purification), which 
act as -ve control, were mixed with different RNA from different 
sources and incubated for 5 hrs at room temperature. After 
incubation, RNA electrophoresis was carried to observe the 
degradation of RNA. In the cases of R27 and rice RNA samples, 2ug 
protein and 2 ug RNA were added. The amount of RNA and 
protein added in the case of BMV was lug (No: no digestion; R27: 
WB 27 DAG root RNA; BMV: Brome Mosaic Virus RNA; rice: 
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Figure 4-40. RNase activity of LRP demonstrated in a RNA tricine 
SDS-PAGE 
Tricine gels in the presence of torula yeast RNA (final conc. 
2.4mg/ml) was run. The gels were stained by (a) Comassie blue 
and (b) toluidine blue respectivity. (rLRP: recombinant 23kDa 
LRP; filtrate: filtrate generated from purification of nLRP; BSA: 
bovine serum albumin; 2S; Brazil nut 2S albumin; Prestain marker: 
Invitrogen Benchmark Prestain ladder) 
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5 Discussion 
5.1 LRP purification and antibody production 
Different methods were tried in the purification of native LRP from winged 
bean, in order to obtain a higher yield. In the differential precipitation step, 
isoelectric precipitation was able to increase the amount of LRP at one or two pi 
points. Another common precipitation technique, using ammonium sulfate as the 
precipitating agent, was not able to separate LRP from other winged bean proteins at 
different concentrations (data not shown). In the gel elution step, an electrical 
micro-eluter was also tested to be less efficient in recovery of LRP from gel, 
compared to the gel grinding method mentioned in section 3.3.1.4 (data not shown). 
In LRP antibody production, the suggested amount of protein used per 
injection (Dunbar and Schwoebel, 1990) was 50-500ug, while the LRP used in this 
process was relatively low (lOOug). However, the titer (1:10000) and the specificity 
of the antibodies after four boosts were relatively high. Therefore the antibody 
production process is considered efficient. 
To summarize, both native and recombinant LRP were efficiently purified, 
and anti-LRP antibodies were produced, with relatively high titer and specificity. 
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5.2 Allergy tests 
The results from pepsin digestion showed that non-allergenic proteins were 
quickly digested by pepsin, while allergenic proteins showed different degrees of 
resistance to digestion by pepsin. These results coincide with the hypothesis and 
results obtained by Astwood et. al. (1996). 
Since the allergenic potential of proteins corresponds to their stability again 
pepsin digestion, the simulated pepsin digestion system can be used to assess the 
allergenic potential of novel proteins. If a protein can be rapidly digested by the 
simulated gastric (pepsin) digestion system (within 15s)，the possibility that it may 
cause allergy probably is low. If it is slightly resistant to digestion (stability about 
2-15mins), its allergenic potential exists, while not absolute, and is considered mild. 
However, if the stability of the protein is 60mins or higher, then the protein is very 
stable in pepsin digestion and may have very high allergenic potential. In this 
experiment, LRP was subjected to simulated gastric digestion. Results (Table 4-2) 
showed that the stability of the LRP against pepsin was about Imin, and only very 
few LRP and its fragments were remained after ISmins. This stability was markedly 
weaker than that of the 2S albumin, which was totally resistant to pepsin digestion, 
and was comparable to that of BSA, which was a wreak allergen. The stability of 
the proteins tested was summarized in Table 5-1: 
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Table 5-1. Summary of potential allergenicity of the tested proteins 
Protein Digestibility Stability against pepsin 
P-amylase High Low 
Lipoxidase High Low 
BSA Slight resistance Mild 
2S albumin Undigested Very high  
Slight resistance Mild  
In trypsin digestion, the banding patterns of the tested proteins were 
different from those of pepsin. The stability against trypsin seemed to have a weaker 
corresponding relationship with allergenic potential, as different proteins were readily 
digested by trypsin to certain extent. 
The combined digestions, subjecting proteins first to pepsin (0.008ug/ul, 
9ug protein vs. 0.4ug pepsin) and then to trypsin (O.Olug/ul, 6ug protein vs. 0.5ug 
trypsin) digestions, mimic the real conditions. The results showed that LRP could be 
digested more efficiently by both enzymes than by any single enzyme. In the case of 
denatured LRP, the protein could be completely cleared after a 15min-pepsin and 
15-min trypsin digestion. The observation that the remaining LRP after pepsin 
digestion could be digested efficiently in subsequent trypsin digestion agrees with the 
hypothesis. This finding implies that if pepsin cannot digest a protein completely, 
the trypsin in duodenum, and possibly other proteases in the digestive tract, may be 
able to complement and complete the digestion function and reduce the chance that 
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intact proteins are absorbed. 
The experiment on denatured LRP (dLRP), which was made by heating 
native LRP for lOmins, mimicked the cooked transgenic food carrying the LRP gene. 
In all the three types of digestions, dLRP showed reduced stability towards the 
proteases, implying that cooking may decrease the possible allergenicity of LRP in 
comparison to the raw protein. 
Using the PeptideCutter tools in http://tw.expasv.org/tools/peptidecutter/. 
the digestion pattern of LRP by pepsin and trypsin was predicted. From the 
predicted pattern (Figure 5-1)，LRP can be cut by pepsin and trypsin via various sites 
evenly distributed in the protein, even for the Bet v I conserved region. The longest 
four fragments left after pepsin and tiypsin digestions are 10-15a.a. in lengths, and 
may carry epitopes that trigger the gut immune responses. However, these short 
polypeptides may be digested further by other proteases and peptidases present in the 
small intestine. The protective mechanisms mentioned in section 2.2.3 may also 
protect the small intestine from absorbing the polypeptides. Therefore, the chance 
that these polypeptides can cause allergy may be considered low. 
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Figure 5-1. Computed digestion pattern of LRP 
The digestion pattern was carried out by PeptideCutter 
(http://tw.expasv.org/tools/peptidecutter/V Pepsin (pH2) (labeled as 
"Pn2") and trypsin (labeled as "Tryps") cutting sites are evenly 
distributed on the LRP. The Bet v I conserved region (green 
line-underlined) is also cut at 8 sites. Four fragments with 10-15bp 
in length (red line-underlined) are left undigested. 
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In this study, anti-sera screening was used as an alternative use of RAST 
(Section 2.2.6). The anti-sera with known source of allergens were used to react 
with LRP, so that the possibility of the sera reacting with LRP can be used to assess 
the allergenicity of LRP. Comparison of the activity of anti-sera to the pollen extract 
and that to LRP (native and recombinant forms) also enables the investigation of 
immunological relationship between birch pollen allergens and LRP. 
In the anti-serum bank screening, only 8 among 218 sera (3.67%) were 
sensitive to birch pollen extract (contained a combination of pollen allergens). 
Among the 218 serum samples, only 1 anti-serum sample (0.46%) showed a weak 
association with the native LRP, implying that LRP is far less common as an allergen 
than the birch pollen allergens. The results also showed that those anti-sera sensitive 
to the birch pollen extract were not reacted to the LRP. Possible reasons are: (1) 
genetic difference occuring in patients in response to an allergen; and (2) homology of 
LRP to Bet V 1 is only about 53%, thus even an anti-serum respond to Bet v 1, it 
might have weak reaction to LRP. 
Native LRP was assessed to have mild allergenic potential by the digestion 
tests. By anti-sera screening, only weak signal was detected with one serum among 
218 sera. Both results indicated that even LRP has the potential to cause allergy, the 
reactivity is weak, and the chance is relatively low. 
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None of the 218 anti-sera screened in this study showed reactivity with the 
recombinant LRP. These might be due to: (1) the destruction of 3D structure of LRP 
in purification or LRP not properly folded in the bacteria; (2) additional amino acid 
sequence from cloning might affect the binding of anti-sera to the LRP molecules; and 
(3) sample size of anti-sera in the bank was not large enough. Since the 
heat-denatured LRP also showed weaker stability in simulated digestions than that of 
native LRP, these two results imply that denaturation or change of 3D structure of 
LRP may alter the stability of LRP against proteases in our digestive tract, and the 
immune responses towards the protein. In this case, data tend to suggest that the 
altered denatured LRP appears less allergic than the native one. 
For the simulated digestion tests，data showed that allergens have extra 
stability against digestions, while non-allergens were usually more susceptible. 
However, a protein that has high digestibility or mild resistance may not be absolutely 
safe for consumption. Some proteins may have affinity to the immimoglobins 
occuring in our digestive tracts, and these interactions cannot be demonstrated by 
simulated digestions. Therefore, simulated digestions can be good preliminary tests 
to demonstrate the stability of the unknown proteins under gastric and duodenal 
environments. Traditional tests such as skin test and IgE serum bank screening may 
be used in the second step，if the tested proteins showed some resistance to the 
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digestions. 
As mentioned, chance of getting allergy is not determined only by the 
quality of the protein. Other factors such as genotype of the consumers (inheritable 
allergen susceptibility), the physiological state of the consumers and the dosage of the 
protein, etc. may also affect the chance. If the protein is present in our digestive tract 
for a high amount, or if the physical fitness of the consumer is not good, amount of 
proteases may not be enough to clear all the intact protein quickly, resulting in an 
increased chance of allergy causing. 
5.3 Expression of LRP in WB 
Results from the study showed that LRP was expressed in the leaf, stem, 
root, flower, pod and seed of winged bean plant during development. RT-PCR 
analysis also indicated that LRP was also expressed in winged bean plants grown 
under sterile conditions (MS medium). Together these results suggest that although 
some PR-10s may be induced by pathogenic signals, LRP is expressed in winged bean 
plants constitutively even in the absence of pathogenic signals, with unique spatial 
and developmental patterns. 
LRP is expressed most abundantly in root and maturing seeds. For root 
expression, since roots directly contact with soil, and soil contains diverse and high 
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amounts of microorganisms, the high expression level observed for LRP may be due 
to frequent pathogen attacks at roots. 
The expression of LRP in roots also showed a developmental pattern with 
high expression level in young roots and slightly lower in older roots. This 
observation could be explained by: (1) LRP may take part in the early development of 
root, e.g. nodule formation; (2) LRP may be a constitutive component in the root 
defense system, but this function is subsequently replaced by other components 
expressed in the later developmental stages; (3) expression of LRP in root is 
down-regulated during senescence, or (4) other possibilities. Further studies are 
required to elucidate this expression pattern. 
The mRNA expression level of LRP in maturing pods and seeds was high 
but decreased at later developmental stages. The decrease at mRNA level may be 
due to the pods and seeds are approaching their mature stage at which senescence 
conditions are setting in. At the protein level，LRP expression showed an 
accumulation pattern in both the seeds and pods during maturation (by western blot). 
Since the LRP was stored and accumulated in the maturing seeds, the level 
of LRP in 0 DAG seeds was also high. If LRP only serves as a storage protein in the 
seed, it should be broken down and utilized during early germination stage, because 
the water used to support seed germinating did not carry any nutrients except trace 
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amount of minerals. The western blot results on the germinating seedlings and 
cotyledons showed, however, that the level of LRP remained high in both tissues 
during the first week of germination. In seedlings, the LRP level was lower before 
germination (0 DAG), but then increased and maintained at high level for a week. 
As the germinating profile showed no sign of decrease in LRP level during 1-7 DAG, 
synthesis and accumulation of LRP in the seeds of winged bean implicates not only a 
possible storage role, but may be also a component of protective mechanism. 
To summarize, storage of LRP in seeds may have a dual functions: (1) to 
protect the seeds from infection by pathogens during germination and (2) to act as a 
storage protein in the seeds that supplies reserved materials when the seeds germinate. 
Elevated level of seed LRP may enhance the defense of the seeds from pathogens in 
soil during germination and in turn enhance the success rate of seed germination. 
The discovery that LRP is abundantly expressed and stored in seeds is novel and 
unique, and was not mentioned in the studies on other PR-10 homologues. 
The expression level of LRP in leaf and stem was low in the young WB 
plants, but subsequently increased when the plants grow older. The patterns also 
showed some fluctuations (e.g. weaker signals in 150 DAG samples). A possible 
factor that generates these observations is the environmental and pathogenic 
inductions from the surrounding environment. Assuming that the LRP is inducible 
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by the environmental stresses or pathogenic attacks, in root, the induction signals will 
always be frequent and strong since soil is rich in microorganisms. However, 
expression of LRP in leaf and stem is very likely to be fluctuated because the 
induction signals are unpredictable. Since there is no clear evidence that LRP is 
similar to some PR-10 members in nature as well as its induction by the presence of 
stress and pathogen attacks, these are just some likely possibilities. It is possible that 
the expression pattern may be caused by other unknown factors. 
Although expressions of PR-10s in some plant organs (flowers, seeds, etc.) 
are less documented, the abundant expression of LRP in WB root and a lower 
expression level in leaf and stem, coincide with the expression patterns of other 
PR-lOs in other plants (see Section 2.3.3.2). 
5.4 Functional assay of LRP 
Results from this study suggest that LRP has potential activity to degrade 
RNA from various sources. Among the sources tested (WB, rice, virus and torula 
yeast), viral RNA was more susceptible to LRP degradation than the others. As a 
PR-10 homologue, the more effective removal of viral RNA implies that LRP may 
have some anti-viral effect. 
Using activity PAGE gels, the size of putative activity source was checked 
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and it was comparable to that of the RNase control, that is, the size of the activity 
band appeared in the native LRP sample was the same as the size of LRP. However, 
the activity was not high when compared to potent RNase control. Significant 
degradation of RNA by LRP required 3 to 5 hrs, while the same amount of RNase 
only required several minutes, indicating that the potential RNase activity of LRP is 
rather weak. 
Recombinant LRP did not showed any RNase activity on the activity PAGE 
gel. It is possible that: (1) alteration of the conformation and sequence in the 
recombinant form, as a result of cloning and prokaryote conditions, change the 
enzyme activity of the protein and (2) destruction of the 3D structure by 
P-mercaptoethanol and SDS during purification. 
5.5 Hypothesis Testing 
The experimental results were used to test the hypotheses: 
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Table 5-2. Summary of hypothesis testing 
Hypothesis Testing 
The simulated digestions reflect the allergenicity Correct 
of the proteins tested 
LRP can be digested by pepsin, and its stability Correct 
against pepsin is greater than non-allergens but 
less than allergens 
The remaining LRP from pepsin digestion will Correct 
further be digested by trypsin so that the intact 
LRP will not be absorbed directly 
Expression of LRP is spatially and Correct 
developmentally regulated in winged bean 
LRP is expressed abundantly in the root of the Correct 
winged bean，and in a lesser extent in other 
plant parts 
LRP shows potential RNase activity similar to Correct 
other PR-10 members, due to its sequence 
homology to them 
5.6 Future Prospectives 
Although LRP shows very mild allergenic potential, the protein has some 
resistance against digestions. Modification of the LRP DNA sequence is one method 
to reduce the stability of this protein. Using peptide cutting prediction programs, 
cutting sites can be designed and introduced into some undigested fragments, and the 
modified protein may in turn have lower allergenic potential. 
In the IgE binding test, 218 sera were screened against LRP and Bet v 1. 
All the sera were collected from Singapore, and were sensitive to the dust mite 
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allergens, and only 8 were sensitive to the Bet v 1. If we can screen a bigger sera 
bank including sera from different countries and of different allergen sources, the 
immunological correlation between LRP and Bet v 1 can be analyzed more 
extensively and perhaps more objectively. 
In the physiological characterization, LRP was characterized in the WB by 
its spatially- and developmentally-regulated expression patterns and its RNase activity. 
In other plants many PR-10 homologues are expressed by pathogenic signal induction 
besides the normal somatic expression in plants. Further studies in the effects of 
pathogenic and environmental stresses on LRP expression will lead to a more 
complete picture of the physiological role(s) of LRP. 
LRP is expressed in all WB organs tested. The possibility that the 
expression patterns observed were resulted from an a.a. sequence-conserved gene 
family exists. Therefore, the copy number of the gene in the WB genome should be 
checked. The promoter region of LRP can also be cloned and GUS chimeric 
constructs can be made, so that further details of the expression can be monitored 
through GUS activity. 
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6 Conclusion 
In this project, the LRP in winged bean was purified and antibody against it 
prepared, the allergenidty of LRP, and its physiological characteristics including 
expression level and functional assay were investigated. The following conclusions 
can be drawn: 
1. LRP can be efficiently purified by isoelectric precipitation and then native 
tricine gel electrophoresis and gel elution. Using the purified LRP, high 
tittered and also specific antibody can be prepared in rabbits. 
2. Simulated gastric digestion can be used to assess the potential allergenidty 
of a protein by measuring their stability under pepsin digestion. 
3. Simulated duodenal digestion does not itself have strong association with 
the allergenidty of a protein. In the experiment, both allergenic and 
non-allergenic proteins were digested at a similar rate. However, a 
combination of both gastric and duodenal digestions reflects more 
realistically the fate of a protein in the human digestive system. 
4. In comparison to non-allergenic standard proteins, LRP is not digested as 
efficiently，by pepsin or trypsin alone. A combined digestion, however, is 
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more efficient. 
5. Heat-denatured LRP is more easily digested by the proteases than the 
native LRP; hence it is less stable and less likely to cause allergy. 
6. Native LRP showed very weak and rare association to 
birch-pollen-extract-sensitive IgE. No association was detected from 
recombinant LRP. 
7. LRP is expressed in all the test organs including leaf, stem, root, flower, 
pod and seed of winged bean plant, and their expressions showed spatially 
and developmental regulated patterns. 
8. LRP is expressed in root abundantly, possibly due to the constant and large 
amount of microorganisms in the soil around the root. 
9. LRP is strongly expressed in the seeds, and it may act as a storage protein 
and/or a protective component, both being useful for seed storage and 
germination. 
10. Native LRP has weak RNase activity, and viral RNA is digested more 
easily than other RNAs. Denatured recombinant LRP does not show any 
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